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ABSTRACT

Since 1965, an index live-count method has been used taljnestimate the number of coho salmon
in the escapement to the Skagit River. The accumadyprecision of the estimates from this method
have never been critically examined. A five-year gogbfo examine alternative methods of estimating
the number of wild coho salmon in the escapementet&kagit River began in 1986. In addition to the
index live-count method, three other methods of egtilg the coho salmon escapement to the Skagit
River were examined: (1) a mark-recapture method; (2)edd-count expansion method; and
(3) a method based on estimates of the proportionatilootion of hatchery-produced coho salmon to
the total escapementThis report documents the results of the mark-recaptue portion of the
project for 1987.

In 1987, coho salmon were captured with a beach seinedretiver miles 32 and 38 of the Skagit
River from 3 September through 20 November. A total of S5gtif® salmon were tagged with a jaw
tag and marked with opercula punches. Tags were mecbarring surveys designed to randomly
sample the coho salmon escapement. Samples wergambig 13 areas in the Skagit River drainage:
Marblemount Hatchery; Baker River trap; spawning groundshe Middle Skagit, Upper Skagit,
Lower Sauk, Middle Sauk, Upper Sauk, Suiattle, Cascadekdthamps, and Carpenter sub-basins;
and in commercial and test fisheries. A total of383, coho salmon were examined of which 45,286
fish were considered in-sample and 21 were not camesigert of the population subject to tagging.

A total of 1,366 tagged or marked coho salmon wereveged during in-sample surveys. The tag
recovery data indicate that approximately 3% of the&imon migrating through the tagging area in
the lower Skagit River were caught and tagged. pEneentage of tagged or marked coho salmon in the
samples from nearly all the major recovery areasa@mith seven or more tag recoveries) was near
3%: Marblemount 3.3%; Baker River trap 2.7%; commercidefig 3.2%; Middle Skagit sub-basin
3.4%; Suiattle sub-basin 3.6%; Lower Sauk sub-basin 2.6%; and Sppérsub-basin 3.4%. The
exceptions were the samples from the Upper Skagit sub-@at#b), Middle Sauk sub-basin (2.2%),
and Cascade sub-basin (1.5%). The tag recovery datatedhat some coho salmon from spawning
areas substantially downstream of the tagging site yeesent in the tagging area. There were eight
tags recovered in 1,508 coho salmon examined (0.5%) dsgpagvning ground surveys in the
Nookachamps and Carpenter sub-basins.

The estimated abundance of coho salmon in 1987 was 167,408itfish 95% confidence interval of
158,694 to 177,368 fish. This estimate is for the number of salnwon migrating through the tagging
area after tagging began on 3 September. It inclutlesta salmon bound for spawning areas above
the tagging area and an unknown fraction of the @alitom spawning areas in the Nookachamps and
Carpenter sub-basins. This abundance estimate was \emigep(CV = 2.5%) because of the large
number of fish tagged and the large number of fish enednior tags during in-sample surveys. To
restrict the estimate to spawning areas in the Mi@&kagit sub-basin and spawning areas above it,
adjustments were made to the number of tags releddsdg the adjusted number of tags released, the
estimated abundance for this more restricted aredl@&9€20 coho salmonThe total return of coho
salmon to Skagit Bay in 1987 is estimated to be 180,706 fish. méevere an estimated 137,738
naturally-spawning coho salmon in the escapement to Skad®iver spawning grounds 133,088 fish
were estimated to have reached upstream spawning grandd4,650 coho salmon were estimated for
lower river (Nookachamps and Carpenter sub-basins) spgwnounds (see summary table on the next

page).



Table summarizing the total return of coho salmon to
Skagit Bay in 1987 by major components.

Componer Number of Fis
Total Terminal Run Size 180,706
Marblemount Hatchery 29,277
Baker River Hatchery 1,576
Commercial Fishery Catches 10,749
Test Fishery Catches 1,366
Subtotal 42,968

Wild Escapement

Upstream Areas 133,088
Lower Areas 4,650
Subtotal 137,738
Sport Catch 129

& An unknown portion of the sport catch should be subtracted
from the wild escapement and the remainder added to the
total terminal run size.
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INTRODUCTION

The Skagit River is the largest river system in the P&gaind region. It has 162 miles of
mainstem river and its headwaters are in Canada (Figuré@his system is one of the largest
producers of coho salmom®iicorhynchus kisutch) in northern Puget Sound. Coho salmon
from the Skagit River are caught in fisheries from Rerh California to Southeast Alaska and
are a major contributor to fisheries in the insidaineawaters of Georgia Strait and Puget
Sound (PFMC 1992). The Skagit River is managed for naturduption of coho salmon
(subsequently referred to as wild coho salmon). Insygdren the numbers of wild coho
salmon projected to return to the Skagit River are shigllleries from Cape Falcon, Oregon
to the US/Canada border have been constrained to ptbese fish (PFMC 1986, pg. IlI-9;
and PFMC 1988, pg. IlI-11). Accurate annual assessmente®ak status are required for
coho salmon from the Skagit River because this stockaffact the management of fisheries
over such a large geographic area. This ensures thatidis are not unnecessarily restricted
during years when there is not a conservation probfehrpaevents over-harvest of wild coho
salmon from the Skagit River during years of small returAn important component of the
information needed to accurately assess the statutdatatio salmon from the Skagit River is
an annual estimate of the number of coho salmoneansgfawning escapement. Spawning
escapement, as used in this report, refers to the nwhbdult coho salmon which are present
in all natural spawning areas of the Skagit River ane hlae potential to spawn in these areas.
It does not include coho salmon returning to Marblemdiatthery or to the release site for
hatchery-produced coho salmon at the Baker River dam.

Since 1965, the Washington Department of Fish and WilW@FW) has used an index live-
count method to annually estimate the escapement of €almon to the Skagit River (Flint
1983). The accuracy and precision of the estimates th@method have not been critically
examined. A five-year project to examine alternamnethods of estimating the number of wild
coho salmon in the spawning escapement to the Skagit ®Ras begun in 1986. This project
was conducted by the Skagit System Cooperative (SSQ@oipecation with personnel from
WDFW and Puget Power and Light. Three methods of egtightite spawning escapement of
coho salmon to the Skagit River were examined: (1l)agk4recapture method; (2) a redd-
count method; and (3) a method based on estimates gbrdmortional contribution of
hatchery-produced coho salmon to the total escapement.

This report is the second in a series of reportswilatiocument the studies conducted from
1986 through 1990 which examined different methods for estim#tm escapement of coho
salmon to the Skagit River. The 1986 study is summariz&tbmrad et al. (1997).This
report summarizes the data and documents the results of ¢hmark-recapture portion of
the project for 1987 Reports documenting the results for the other yeatstdlgging was
conducted (1988, 1989, and 1990) and the other methods of estimdtitollow. Some
summary data from the other years of the study are wvsedpport some of the assumptions
required for the analysis of the tagging data from 1987. eTtat are documented in Conrad
et al. (1997).
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METHODS

The description of methods is divided into four sectionBhe first section describes the
methods used to capture coho salmon for tagging and the gam@inedure. The second
section describes the surveys used to recover tags. inthides a description of the survey
procedures for each of the tag recovery areas. Sefitree summarizes the statistical
procedures used to estimate the abundance of coho sabnothke tag release-and-recovery
data. The last section describes some miscellanealyses conducted to examine migration
timing and the sex and length composition of the colmosathat were sampled.

Tagqging Methods

Beach Seining:

Coho salmon were captured for tagging using a beach sperated by a five-man crew.
Seining was conducted at two sites in an area betviesmmile (RM) 34 and RM 36 of the
Skagit River (Figure 2). A'3mesh, monofilament beach seine that was 4@ by 20 deep
was used to capture coho salmon. The net had laud6 made of 2 knotless seine material.
Cork spacing was'8on the bunt and two feet on the rest of the netjaadline was hung
with 15 Ib per 600of net. Modifications in net dimensions occurred véwen the seine was
damaged. Due to heavy use, the leadline was rehung alerytfeur fishing days and the
monofilament was replaced after every eight to tdmniisdays.

A boat was used to set the beach seine. One ené séie was held by two crew members
on a gravel bar while the boat backed away from tbeesand the net was set off the bow of
the boat. When the entire net was out, the boatétide net was towed downstream. The
other end of the net was attached to a four-wheel tiniek and driven slowly downstream.
Care was taken to prevent the shore-end of the netdedting ahead of the boat because fish
tended to lead away from the shore and around the latng the drift, a seine plunger (a
long pole with a cup on the end) was slammed into therwsgriodically to drive fish away
from the river-end of the net and toward the shoret a Are-designated point the boat
returned to the gravel bar. Upon reaching the shoeebdhat-end of the net was attached to
the back of a second four-wheel drive truck. Both trubks pulled the net up the gravel bar,
perpendicular to the river, until only the bunt end of teé was in the water. The five-man
crew then pulled the bunt in by hand until the leadline wa shore while the cork line and
ends were cradled by the crew.
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Tagging Procedures:

Coho salmon were removed from the bunt and placed ititer of two net pens adjacent to
the capture site. All other species were counted andnest to the river. The pens were 3
by 5 by 5, constructed of PVC, and covered with'OMnotless nylon mesh. Each coho
salmon was taken from a net pen by a sampler wearitigncgloves and placed on a V-
shaped measuring board lined with high-density foam. A stiglynumbered hog ring was
clamped around the lower left mandible of each fish ugipgir of hog-ring pliers and a 3/8
hole was punched in the rear center of each gill operculiima paper hole-puncher. The
fork length (measured to the nearest cm), sex of she diny external marks, and a qualitative
assessment of maturity (bright, blush, or dark) wererdesd for each fish with the date and
tag number. Each tagged salmon was held gently in ther watil its equilibrium was
regained before being released. If a tagged fish did not away or appeared to be injured it
was given a condition rating of “X-". Fish that swanmvay normally were given a condition
rating of “X”. If a fish was especially vigorous whegleased a condition rating of “X+” was
assigned. Fish with severe physical impairments (@4 scale loss, torn opercula, deep
predator wounds) were released untagged. These included jacgksalnon (male salmon
under 30 cm in length) which generally gilled in the net were unfit for tagging.

Tag Recovery Surveys

Only tags recovered during surveys designed to randomly sémept®ho salmon escapement
were used for the abundance estimates. These anedeferasn-sample recoveries Tag
recovery surveys were conducted by sampling: (1) alldsowned, surplused, or otherwise
sacrificed at Marblemount Hatchery; (2) all fish caughthe fish trap at Baker River dam;
(3) the catch by the in-river commercial fishery; él)test fishery catches; (5) every reachable
and identifiable dead coho salmon found during spawning groundsys; and (6) every coho
salmon caught in traps operated on: Fisher Creek and G@argeneek Slough (tributaries to
Carpenter Creek); the East Fork of Nookachamps Creelkseda@reek (a tributary to the
Middle Skagit sub-basin); and Barnaby Slough (a tributaryhto Upper Skagit sub-basin).
During each survey or day of trap operation, the date, euwibcoho salmon inspected for
tags, number of tagged or marked (with the opercula punablegpéind, and tag numbers of
all coho salmon recovered with legible jaw tags weo®rded.

Marblemount Hatchery:

Samples were collected by three different methods atFWB Marblemount Hatchery:
spawned fish, surplused fish, and pond mortalities. Aftgrprocessing, hatchery personnel
sorted the fish from these groups into separate binsafpged/marked and unmarked fish.
SSC crews then re-checked these bins for coho samtbntags or marks. The date of
sampling, number of coho salmon inspected for tags, nuailiagged or marked fish found,
and tag numbers of all coho salmon recovered with gl tags were recorded.



Coho salmon were spawned at Marblemount Hatchery tet mpecific egg-take goals.
Spawning was conducted when the portion of the run fromhwidggs were desired was
present and there were large numbers of fish in thdingolponds. Hatchery personnel
selected fish for spawning and sorted them into the &ftes spawning for SSC crews to
examine. Surplused fish were those in excess of thvengpa needed for eggs. Surplus coho
salmon were periodically sacrificed and sorted into bms. The holding pond was
periodically surveyed for mortalities and any dead colm@awere removed and sorted into
the bins. A schematic of the Marblemount Hatchamsing procedure is shown in Figure 3.

Except for the pond mortalities, hatchery personnetcsedl the coho salmon for the other two
groups, spawned and surplused, according to a visual assess$itienfish and the timing of
the return to Marblemount Hatchery. Therefore, thigse were not strictly sampled at
random and the percentage of tagged fish in these sampgleshave been influenced by the
selection process. However, sincecalho salmon returning to the hatchery were eventually
sampled, the Marblemount Hatchery sample was a cenduth@arsample total for the entire
spawning season provided the best estimate of the pageewntff tagged coho salmon at
Marblemount Hatchery.

Baker River Trap:

A fish trap at Baker River dam caught all upstream migyagaimon. _Allcoho salmon caught
at the trap were examined. Fish caught in the trap wereded into a brail and several
removed at a time onto a sorting table. Each colmosawas examined for a tag or mark.
The sample date, condition, and tag number (when legiged recorded for any jaw-tagged
or opercula-punched coho salmon. After all live fisthia brail were removed, the racks and
screen of the trap were searched for dead fish. Tdrereentically to the Marblemount
Hatchery sample, the Baker River trap sample was ais@amsl the sample total for the entire
spawning season provided the best estimate of the pageenf tagged coho salmon at the
Baker River trap.

The Baker River stock is one of the earliest returomigo salmon stocks to the Skagit River.
Coho salmon were counted at the Baker River trap beémging began in the lower river
during two years of the study. In the other years efstludy, coho salmon were counted at
the trap so soon after tagging was initiated that wenasd some fish had migrated past the
tagging site before tagging had begun and, therefore, wesibgct to capture. Since these
early-arriving fish were not subject to tagging, we edetl them from the number of fish
examined for tags that was used for the population estinfaé., they were not considered in-
sample). We examined the number of days between eedgmlsrecapture for all coho salmon
recovered at the Baker River trap during the five yeltagging. The minimum travel time
(number of days between being tagged and released intbe iver and recovered at Baker
River trap) observed during the study years was four daysré@ et al. 1997). Therefore, all
fish counted at the Baker River trap prior to four daysrahgging had begun were excluded
from the in-sample survey.
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In-River Commercial and Test Fisheries:

Tag recovery samples from the commercial catch wellected in conjunction with routine
commercial catch sampling activities. The Skagit Rigedivided into statistical areas for
commercial catch regulation (Figure 4). In later yetrsllow tag recovery samples from the
catch to be analyzed by area of capture, all majonasalbuyers were instructed to place
catches from each statistical area into separate bin 1987, however, samples were not
allocated to the sub-areas (78D-2, 78D-3, etc.) within At8B so we assumed that all
samples were collected from the upstream areas (78D-3 o4 )/&ID the population analyses.

A test fishery was conducted each year by an SSCta@novide an in-season assessment of
the size of the coho salmon run. In 1987, test fishevere conducted in: Area 2; Blakes;
and Jetty in Skagit Bay (Figure 4). Drift and set gilsnesed at the test fish sites had mesh
sizes ranging from'5to 6'. Hayman (1996) describes the test fishing procedures ail. det
All coho salmon caught during the test fishery were icigukefor tags or marks.

Both WDFW and tribal commercial catch and hatchergpdars in areas outside of the Skagit
River were notified to look for jaw tags from the Skdgiwer study. These recoveries allowed
us to assess the degree of out-of-system straying far salmon tagged in the mainstem of
the Skagit River.

Spawning Grounds:

Tag recovery surveys of the spawning grounds were condurctashjunction with surveys to
estimate the coho salmon escapement using redd coumsafCet al. 1993). For the redd-
count method, the Skagit River system was stratifiemtimé nine sub-basins listed by Johnson
(1986): Carpenter; Nookachamps; Middle Skagit; Upper Skagit; L&aek; Middle Sauk;
Upper Sauk; Suiattle; and Cascade (Figure 1). Stream secdtioeach sub-basin were
surveyed from one to 11 times during the spawning perioddioo salmon. In 1987, about
20% of the total length of potential spawning habitaheSkagit River was surveyed (Conrad
et al. 1993). During spawning ground surveys, any coho salmaasses observed were
sampled for jaw tags and opercula marks. Gill opercula taigged carcasses were carefully
inspected for marks or healed marks. A healed (regedg¢nagk was evident as a perfectly
round discoloration on the gill cover that was lightecolor than the surrounding opercular
tissue. Occasionally a carcass could not be sampleauseoof a missing head due to
advanced decomposition or removal by predators. Unsaropledsses were tallied during
each survey. The date, survey location, number of salmon carcasses sampled, number of
tagged or marked fish recovered, and tag numbers of all salhmn recovered with legible
jaw tags were recorded during these surveys. The caudal &fh sampled carcasses was
removed to prevent the carcass from being sampled agang dubsequent surveys.
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Tributary Traps:

SSC operated six fish traps in 1987. Two traps were loutdries to Carpenter Creek (Fisher
Creek and Carpenter Creek Slough), and there was onertiddprsen Creek (a tributary to
the Middle Skagit sub-basin) and one on Barnaby Slougtib(ddry to the Upper Skagit sub-
basin). All these traps were wooden weirs that blddke entire creek and funneled fish into
a live box. An additional weir trap was installed oank Creek, a tributary to the Middle
Skagit. The trap on the East Fork of Nookachamps CresKogated about 1.5 miles from
the mouth. It was a wire-mesh hoop trap that blockdg amportion of the creek but had
visual lead nets attached that stretched from bankrtk. bAll traps were located in areas that
had easy accessibility, a section of relativelyigihtastream channel with a low gradient, and a
stable substrate.

All traps were checked and cleaned at least twice dailknotless-nylon dip net was used to
move the trapped coho salmon into a 30-gallon plasticacent filled with water. All coho
salmon caught were examined for tags or marks and tleased upstream. A Petersen disk
tag and a unique operculum punch (i.e., a punch pattern diffeoemtthat used in the main-
river tagging) were placed on all coho salmon releasedeathe traps. The trap crews also
recovered tags at the weirs from spawned-out carcassels had washed downstream from
the spawning areas (called rack recoveries). The céindahs cut off all rack recoveries.
The date, number of coho salmon sampled, number of taggedrked fish recovered, and
tag numbers of all coho salmon recovered with legietpgs were recorded.

Abundance Estimates

Two different mark-recapture models were used to estitt@enumber of coho salmon
passing through the tagging area in the lower Skagit RiverPetersen estimation model and
Darroch’s stratified estimation model. When tagging eswbvery occur over an extended
time period, such as occurred in this study, it is not mmeon to observe temporal changes in:
(1) the probability of capture of fish in the target popatg and/or (2) the probability of
finding a tagged fish during tag recovery surveys. When sbahges occur the Petersen
model is often not the appropriate estimation modebeSg1982) describes a serietests

to determine whether the data are consistent witbtarsen estimate. Specifically, the tests
determine whether the data are consistent with th@mMog four conditions: (1) there was
uniform recovery of tags across the tag recoveryast(&) there was uniform tagging across
the tag release strata; (3) there was complete miXingeopopulation between tagging and
recovery; and (4) the expected number of tags recovereacim stratum was proportional to
the number of unmarked individuals present.

Eames et al. (1981, 1983) describe the exact form of thetefor a study similar to ours in
both the study design and estimation procedures. They edpthum and coho salmon in
marine areas immediately in front of the mouths ojomaver systems in Puget Sound and
tagged the fish with jaw tags. Tags were recovered dutingeys of spawning grounds
throughout these river systems. We followed procedundlaisto those described by Eames
et al. (1981, 1983) to determine the appropriate estimationlmode

10



Petersen Estimation Model:

The simplest and most commonly used model for estimatwgpdance from mark-recapture
data is the Petersen model. Conrad et al. (1997) discaiggetessary assumptions for the
Petersen model as implemented for this study.

Robson and Regier (1964) recommend that a Petersen estitiatde a minimum of seven
tag recaptures to ensure that the bias of the estimaegligible. Therefore, we estimated
abundance from the tagging data only when there weeastt $evemecaptures of tagged or
marked coho salmon from a recovery area. Chapmaniasatbform of the Petersen estimate
(Seber 1982) was used to estimate abundance. ConradE9l) describe the model and
the procedures used to estimate 95% confidence interifals.any Petersen-type estimator
(including Darroch’s stratified estimator), the abundamstimate depends upom the
proportion of the population tagged. The proportion of taghe second (recovery) sample
provides an estimate pf Generally, asp becomes smaller the estimated abundance becomes

larger for a given number of tags released.
Darroch’s Stratified Estimation Model:

Darroch (1961) developed a stratified population model for gugsulations that is not
predicated on constant probabilities of capture or regové&he necessary assumptions for
this model are discussed in Seber (1982) and summarized bgdCetral. (1997). Conrad et
al. (1997) also describe the model and its application ¢otd release-and-recovery data
collected for this study.

Definition of Strata:

Two different tag recovery percentages were examinedetop define tag release and tag
recovery strata. To determine if the probabilityfiofling a tagged fish in recovery samples
was different among recovery locations or among diffetine periods at the same location,
the percentages of tags in recovery sampgeas(defined previously) were compared. The
percentages of tags recovered from releases during spgoédistratayt, were compared to
determine if there were differences in the probahdityecovering fish tagged during different
segments of the release period. For these testsina@essary to define temporal strata for
both the tag release data and the tag recovery datafomrecovery area.

Tag release strata were established by dividing thaseldata into four to six strata with
about an equal number of days of tagging in each stratuine. p&rcentages of tagged fish
recovered from each release stratump ere tested to determine if they were equal. If a
significant difference was foundP(< 0.10) additionalX® tests were conducted to more
precisely define the release strata by pooling adjesteata which did not have significantly
different Tt
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Three different criteria were used to establish tagwexy strata: (1) number of days of
sampling; (2) number of tags recovered; and (3) number sbf éxamined for tags.
Initially, two recovery strata were defined by dividitige data so there were approximately
equal numbers of the criteria (days surveyed, numbergsf t&d number of fish examined) in
each stratum. The percentages of tagged fish in eaokergcstratum @) were tested to
determine if they were equal among recovery strataefmh stratification criteria. If a
significant difference was foundP & 0.10) additionak?® tests were conducted within the initial
strata to more precisely define the recovery strata.

Testingp andrt

Tests were conducted to determine if there were signfficlifferences in tag recovery
percentages (eithgr or ) between different samples or groups of fish (e.g., éetmsurveys
conducted by SSC and WDFW, or between samples collected) dlifferent time periods, or
between samples collected at different locations,etwéen male and female coho salmon).
When the expected number of tag recoveries for each gnoapcomparison was five or
greater, a standarf test (Conover 1980) was used to test for differenceagnrécovery
percentagesp(or m). If the number of tag recoveries was insufficient &4 X* test (one or
more cells with expected frequencies less than fivd)there were only two release strata or
recovery locations to compare, Fisher's exact t€sinpver 1980) was used. Otherwise, an
approximate randomization test (ART) was conducted (NorE@89). An approximate
randomization test is a computer-intensive methodsting whether the data in a contingency
table are similar. It is similar to Fisher’'s exéest but uses a computer to repeatedly resample
the data and approximately estimate the probabilitybséoving the configuration of the data
in the table (under the null hypothesis that the sangpkefrom the same population).

Selection of Estimation Models:

If we assume that coho salmon bound for each recarery are randomly sampled as they
migrate through the lower river tagging area, the regodata (number of tagged or marked
fish found and number of fish examined) from each regoaesa can be used to estimpte
the percentage of the population that was tagged. If ypethesis of equajp among

recovery areas was not reject&d>0.10), the tag recovery data from the different aneae
pooled. The pooled data were then used in the tests ¢onulet if the tag release-and-
recovery data were consistent with the Petersen matlelfeel that the variation ip among

the recovery areas generally reflects sampling vanat the recovery areas. The number of
carcasses examined for tags was relatively small fome recovery areas. In some cases, all
samples were collected from a relatively discrete and@n the general recovery area which
could influence the proportion of tagged carcasses presgemerally, the areas with greatly
different recovery percentages (more than a 0.5% differétom the major recovery areas)
had less than seven tag recoveries each. The diffpegoulation estimates that were
generated using the data from different recovery aregso(@ed recovery areas) were usually
not significantly different from each other. Themrefowe selected the estimate with the
smallest coefficient of variation as the “bestiraste of abundance for each year.
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The model used to estimate abundance, simple Petersddamoch’'s stratified, was

determined by the results of the tests for the camsigtof the data. The fouf tests used to
determine consistency are described by Seber (1982) drantiys et al. (1981, 1983).

Allocating Marked-Only Fish to Release Strata:

From 12% to 24% of the in-sample recoveries each yehaliag with an illegible number or
had no tag and were identified as tagged fish by the opgraothes. The release stratum for
these fish was unknown and had to be estimated fortridu#fisd estimator. Marked fish with
missing or illegible tags were allocated to releasatatwithin a recovery area based on the
proportional distribution of legible tags from each reéeatratum (Conrad et al. 1997). This
assumes that tag loss or tag illegibility is a randonegs® and that coho salmon tagged during
each release stratum have equal rates of tag losefdiegrfish with missing or illegible tags
are assumed to have a similar distribution for stratbimlease as fish with legible tags. If tag
loss (or a tag becoming illegible) is a time dependentqa®y then fish tagged during the
earlier release strata might be expected to have highes of tag loss and this assumption
would not be true. Eames et al. (1981, 1983) used procedurles sinours to allocate fish
recovered with missing tags to release strata in @teidy. Errors in the assignment of
marked-only fish to release strata affect only ther@zh estimate.

Additional Analyses

Several additional analyses of the data collected duaimpgirig and tag recovery surveys were
conducted. These included analyses to determine thegtinfirthe migration of different
spawning groups through the tagging area and analyses ohddength composition data.
These analyses were not required for the abundanceattifout were conducted to describe
the characteristics of the annual return of coho @alte the Skagit River during the study
years.

Migratory Timing to Major Recovery Areas:

The timing of coho salmon migrating through the loweenritagging area was estimated from
an analysis of the release dates of the tags reacbwerach major recovery area (excluding
commercial and test fisheries). Only areas with ¢enmore legible tag recoveries were
included in the analyses. Ten, 10-day time periods weiligedefor the migratory timing
calculations: (1) 1 September to 10 September; (2) 11 Septetab@0 September;
(3) 21 September to 30 September; (4) 1 October to 10 Octdbed;1 October to
20 October; (6) 21 October to 30 October; (7) 31 OctoberNoWember; (8) 10 November
to 19 November; (9) 20 November to 29 November; and (10) 3@rNoer to 9 December.
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Catch-per-unit effort (CPUE) by the beach seine usezhpdure coho salmon for tagging was
used to describe the timing of the run through the taggew iarthe lower river. CPUE was
calculated for each 10-day period as the total number laf salmon caught divided by the
total number of beach seine sets (catch per setg nilimber of tags recovered in each major
recovery area from each of the release periods walstasestimate the CPUE of coho salmon
bound for these areas. The CPUE of coho salmonrfecovery areg@ during release periad
was estimated by:

N
wij :T [1]

the estimated CPUE of coho salmon from recoveea p during release
periodi,

the number of tags recovered in gréaat were released during perigénd
the number of beach seine sets made during period

where &,

Fij
fi

For each area analyzed, the CPUE estimated for eadhylPeriod was summed across all ten
time periods to estimate a season total CPUE of sahnon bound for that recovery area.
The estimated CPUE of coho salmon from recovery jadeaing time period was converted
to the percentage of this season total CPUE for exgaareg to describe migratory timing
(Mundy 1982). These data were then graphed so that the omgtaming patterns for the
major recovery areas could be compared.

Analyses of Sex and Length Composition Data:

Significant differences in the probability of recowgricoho salmon tagged during different
release periodsrff were found at some recovery locations in 1987. Tempeats in the
probability of recovery could be due to changing envirartaleconditions at the tagging site
which influenced the probability of capture. For exampigh and low water conditions may
have influenced the effectiveness of the beach sead to capture fish in the tagging area.
Under low water conditions a higher proportion of theasalmon present might have been
caught than under high water conditions. Another posskfganation is that physical
characteristics of the fish themselves (for examgds, or length) may influence both rate of
capture for tagging and rate of recovery in tag recoanptes. For example, the beach seine
may capture larger coho salmon at a higher rate thaflesraoho salmon so that a higher
proportion of the larger fish were tagged. As long asetieerandom mixing of coho salmon
tagged during different time periods in the recovery at@ad,the recovery process does not
have the same selectivity as the capture procesgrdsents no problems for the abundance
estimates.

Significant differences in the probability of findingtag during surveys conducted at different
times in a recovery are@)(were often found. Temporal trends in the physicatatdiaristics
of the population, combined with temporal trends in capaffieiency at the tagging site,
could cause the changes observed. During spawning groundssunadg fish may be more
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likely to end up in locations that are sampled than fermsth, or larger fish may have a higher
probability of being seen and sampled during spawning groundysutitan smaller fish. The
available data were examined to determine if thedgeimfes were present. The data used in
these analyses were the length and sex compositionfatatdl coho salmon tagged at the
lower river tagging site and the tag recovery data usedh®mpopulation estimates. Coho
salmon recovered with a missing or illegible tag butifggan operculum punch could not be
used since their length and sex were not recorded abfinregovery.

Seber (1982) recommends testing the release (tagging) anemng¢escapement) samples for
randomness with respect to length. The recovery sangdetested by comparing the length
distributions of individuals that were tagged but not repedéo those individuals that were
tagged and recoveredBoth a Mann-Whitney U test and a Kolmogorov-Smr(i§-S) test
(Conover 1980) were used to compare the length distributiocsho salmon from these two
groups. These same tests were also used to comparengile distributions of male and
female coho salmon that were tagged in the lower SRaggt .

If there was a significant difference between thgtlerdistributions of male and female coho
salmon subsequent analyses were conducted for eachpseats®y. If there was a significant
difference between the length distributions of cohansal which were tagged but not
recovered and those that were tagged and recovered, #sSvere performed sequentially on
the length distributions to determine length categori#is mo significant difference between
these two groups. Testing began between 65 and 70 cm (@b@bvethe length distributions
of the two groups were not significantly different) aeddth was sequentially decreased by
one cm intervals until a significant differende< 0.05) between the groups was found. A K-S
test was then performed on those fish that wereeatettgth of the significant difference or
smaller. If there was a significant difference betwehe fish which were tagged but not
recovered and those that were tagged and recovered thesproas repeated for the fish in
this smaller length range.
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RESULTS

The results of the tagging conducted in 1987 are summarizée ifoltowing five sections.
The summary consists of: (1) tag releases by day; §2etzoveries by location; (3) abundance
estimates produced using the tag release-and-recovery (datedditional analyses which
include migratory timing information from the releaselaecovery data and sex-length
composition data; and (5) a discussion of the “bestinasé of the number of coho salmon
migrating through the tagging area in the lower Skagit River

There are two different tag recovery percentages pessaentthe results: the percentage of
tags recovered from the tag releases during a specigcstiratum 1) and the percentage of

tagged fish in samples collected during tag recovery sufpgyslhe recovery data from each

major area were tested to determine if there werefisart temporal differences in both of

these percentages. The results of these tests deddrminch data were pooled and which
model was used to estimate the abundance of coho saisnag the recovery data for a

specific area or group of areas pooled.

Tag Releases

The beach seining began on 2 September but no cohonselate caught that day. Tagging
began on 3 September and continued through 20 Novemberh &saing was conducted on
3 December but no coho salmon were caught. A tot&l4i#5 coho salmon were tagged
during 38 days of tagging (Table 1). About 25% of the taggeaviish eventually recovered
during surveys conducted to estimate the percentage of tagigadthe escapement.

The percentage of each day’s release of tags that eecasered ranged from 0% to 35%
(Figure 5). Generally, coho salmon tagged and releasedydDdtober were recovered at a
higher rate than those tagged and released in Septendblogember. Four temporal release
strata were defined to determine if there were sigmfidifferences it among the release

strata using the recoveries at each major area.folingelease strata were:

1. 2 September through 18 September;
2. 21 September through 9 October;
3. 12 October through 30 October; and
4. 2 November through 3 December.

Significant differences it among the release strata were found for the recevete
Marblemount Hatchery, Baker River trap, Middle Skagit spagvigrounds, the commercial
fishery, and for all recovery data combined (Table Zhere were no significant temporal
differences inrt among release strata at the other major recoveasdtUpper Skagit, Lower
Sauk, Middle Sauk, Upper Sauk, Suiattle, and combined upriver sgagrounds). These
tests were conducted only for recovery areas withrsewenore legible tag recoveries.
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Table 1. Number of coho salmon tagged each day and nuniber-sample tag
recoveries from each day’s release for the SkagitrRMZ87.

Number Tag Recoveries by Are® Recoveries
Date Taggec MMH BAK MSK USK LSA MSA USA SUl OTH CFS TFS Total % (m)
02-Sep 0
03-Sep 3 0 0 0 0 0 0 0 0 0 0 0 0 0.0%
04-Sep 1 0 0 0 0 0 0 0 0 0 0 0 0 0.0%
08-Sep 22 0 0 0 0 0 0 0 1 0 0 0 1 4.5%
10-Sep 82 2 2 1 1 1 0 0 1 0 0 1 9 11.0%
11-Sep 59 3 2 0 0 0 0 0 0 0 0 0 5 8.5%
14-Sep 24 1 1 0 1 0 0 0 0 0 0 0 3 12.5%
15-Sep 85 9 3 0 0 0 0 0 1 1 0 0 14 16.5%
17-Sep 180 19 3 1 0 0 1 1 2 0 0 0 27 15.0%
18-Sep 149 13 8 0 0 0 0 0 2 0 0 0 23 15.4%
21-Sep 122 11 2 0 1 0 0 0 1 0 0 0 15 12.3%
22-Sep 171 22 0 0 3 1 1 0 2 0 0 1 30 17.5%
25-Sep 255 48 6 0 2 0 1 0 2 1 0 0 60 23.5%
29-Sep 139 21 2 0 2 1 1 2 1 0 0 0 30 21.6%
01-Oct 210 40 7 1 3 0 1 0 2 0 0 0 54  25.7%
02-Oct 220 37 8 0 5 0 1 1 0 0 0 0 52 23.6%
05-Oct 278 50 5 0 4 0 3 3 0 0 0 0 65 23.4%
06-Oct 119 17 0 0 2 0 1 1 0 0 1 0 22 18.5%
08-Oct 162 30 2 0 5 2 2 1 0 1 0 0 43  26.5%
09-Oct 573 113 10 2 3 1 3 0 2 1 0 0 135 23.6%
12-Oct 165 24 4 1 2 0 1 0 0 0 1 1 34  20.6%
16-Oct 155 27 3 1 3 1 1 1 1 0 0 0 38 24.5%
19-Oct 150 31 3 0 2 0 1 0 1 0 0 0 38 25.3%
20-Oct 121 21 3 1 1 0 0 1 1 1 0 0 29 24.0%
23-Oct 205 50 8 0 3 0 0 0 3 1 1 0 66 32.2%
26-Oct 57 15 1 0 0 0 0 0 0 0 0 0 16 28.1%
27-Oct 23 6 1 0 0 1 0 0 0 0 0 0 8 34.8%
29-Oct 39 9 1 1 1 0 0 0 0 0 0 0 12 30.8%
30-Oct 88 16 2 0 2 1 1 0 0 0 0 0 22 25.0%
02-Nov 571 117 8 2 6 1 2 0 3 0 2 0 141 24.7%
03-Nov 193 42 2 1 3 1 0 0 2 0 3 0 54 28.0%
04-Nov 84 10 1 3 1 1 0 0 0 0 1 0 17 20.2%
06-Nov 60 4 0 0 0 0 0 0 1 0 1 0 6 10.0%
10-Nov 166 18 1 4 4 0 1 0 0 1 2 0 31 18.7%
12-Nov 232 28 0 10 1 1 1 0 0 0 6 0 47  20.3%
13-Nov 243 32 2 4 1 2 1 0 0 1 6 0 49 20.2%
18-Nov 8 0 0 0 0 0 0 0 0 0 0 0 0 0.0%
19-Nov 2 0 0 0 0 0 0 0 0 0 0 0 0 0.0%
20-Nov 9 0 0 0 0 0 0 0 0 0 0 0 0 0.0%
03-Dec 0
UNKNOWN® 76 10 18 18 5 18 7 9 9 0 0 170
TOTALS 5,425 962 111 51 80 20 42 18 38 17 24 3 1,366
% Recoverec  17.7% 2.0% 0.9% 15% 04% 0.8% 03% 0.7% 0.3% 0.4% 0.1% 25.2%

Locations are: MMH - Marblemount Hatchery; BAK - Baker River trap; MSK - Middle Skagit sub-basin; USK -
Upper Skagit sub-basin; LSA - Lower Sauk sub-basinMSA - Middle Sauk sub-basin; USA - Upper Sauk sub-basin;
SUI - Suiattle sub-basin; OTH - Cascade, Nookachanspand Carpenter sub-basins; CFS - Commercial fisig; and
TFS - Test fishery.

b Fish recovered with no tag but having the secondamark (an operculum punch) or an illegible tag.

17



AON-0E€ AON-0¢ AON-OF O-IE

"L86T ‘ToATY NS
a3 ur ped3e} uowyes 0Yod JOJ A1 JO ABp Yor? Wi sAoaIns ojdures-ur SULIND PoISA0IAI $3B1 JO JUSDIdd  °C QINSL]

Buibbe] jo areq

10-12  100-LL  100-10 des-ig des-1L  des-10

A

AUO SeLIBA0DBY JUNOWR|QUBN  ===** .’.:.

S91I9A008Y [Bl0L +

%0

— %01

— %0¢

— %0€

%0

P9I9A0J3Y SOSEd|9Y JO 1us83.19d

18



- PONULIUOI -

SN SN SN desfeck sk Hesfesk
veEo 080 LT°0 100 > 10°0 > 10°0 > :(d) @ouedyugIS
LAV Lav X X X X $pasn 1S9,

SLTASHY LSHL

%Yo VT |%E0 SI | %11 9 %906 €€ | %61 T0T |%€91 988 |STH's STVIOL

%e0 S |%b0 9 |%0T 9T |%ST T |%60 FL | %091 IST |89S°T d(-¢ NIY) AON-T
B0 v |wE0 € |BYT  ¥L |%BY0 v |%9T 9T | %861 661 |€00°T PO-0€ DY PO-TT
%90 VI |%T0 S |%ET 0 |0 € |%6T T |%ELL 68€ |6¥TT 10-6 nay) dos-17
%70 T |%T0 T |%€0 T |%€0 T |%BLE 61 |%BSL Ly |[S09 dog-g1 nayy dog-7
r  # U # x # AU # 14 # A # ped3e], ejexS IsedPY
JneS PN | Ynes mo] | jSeys d) | JSeYS PUA | J PYeqd | JUNOWR[GIEA |J_quInN
VALV AdTA0DTA

‘1861 “e1ens asea[er Suowre AJenba 103 (1) safeiuadrad £19A0031 FunNsa) JO SINSAI AY) puUL
vore 1940001 JO[BW YoBO UL WNJRIS SBO[I YOBS WO (#) SILI2A0921 §B) JO Joquinu 9y Jo Arewwng 7 d[qeL

19



10054
“WRIPISIS = 44 S0°0S d > 10°0 WIYIIS = 45 ‘010 5 d > S0°0 WROPHTIS = 5 TUBOYISIS
10N = SN '1891 uoneziwopuer sjeunxoidde = LYV 159} arenbs-myo = y :posn 159, “elens
9SBo[aI Suowe JUSIJIP oIom (1) $93eIuaorad AISA009I U} JI QUILISYRP O3 S1S9) Y} JO SINSAY

‘surseq-qns 19uadie)
pue sdureyoryooN oy} 10 ‘den IoATY Joyeqd ‘AIOUdleH JUNOWS[GIRIA WO SILIdA0II 9pNoul 10U
SO0p 2101 YL, "9AOQE PUR UISBQ-qNS NTeS SPPIA Yy} woij sojdwres punold Jurumeds [e 10 (0107, ,,

Hestesk deakesk SN SN SN
10°0 > 10°0 > ¥s'0 v1°0 wo :(d) duedyU3Ig
X X X X rav :Pas() 1S9,
SLTNSTA LSHL
%0°TT 96T | %P0 T %BEE  6LL | %S0 6T |[%T0 TIL |STWS STVIOL
%OTT SPE |%BET 1T BLE 8 |%BYO 9 [%00 0 |[89ST 9(-€ nIY) AON-T
BTIT €97 |%TO T BY'E VE |%90 9 |[%TO T |€00T PO-0€ NI PO-TT
%STT 905 |%T0 I %TE U |BYO OL |[%P0 8 |6bTT PO-6 niy dog-I7
%YEL T8 |%00 0 %S'T ST |%TT L |%T0 1 |S09 dog-g1 nayy dos-7
1 # 14 # x o TR A # pogse], BRI)S 9SBIPY
®IoL, ABYSIy wuro) | 19 umedS [ dpeIns jnes d)  |equnN
VIV AIFA0OTA

‘(ponunuo0d) /86T ‘eIRAS osea[al Juowe AJenbe 103 (1) soFejucorad A19A0091 FuNSa) JO SINSAI Y} pue
BoIR A10A0091 JO[RU (OBO UI WNIBIS 9SBI[SI YOBS WIOK (#) SAII2A003I §B) JO Joquinu 9y Jo Arewwing 7 9[qel,

20



Tag Recoveries

Samples to estimate were collected at 13 areas in the Skagit River drainaydotal of
45,307 coho salmon were examined of which 45,286 fish wergdavad in-sample and 21
were not considered part of the population subject to tggddample surveys were conducted
at: Marblemount Hatchery; Baker River trap; spawning gdsun the Middle Skagit, Upper
Skagit, Lower Sauk, Middle Sauk, Upper Sauk, Suiattle, Cascadekadhamps, and
Carpenter sub-basins; and in commercial and testibshe©f the 1,366 in-sample recoveries,
170 fish (12%) had a tag with an illegible number or hadssing tag and were identified as
tagged by the opercula punches. Most of the in-samplevases were at Marblemount
Hatchery (962 recoveries or 70% of all in-sample recesgri The areas with the next largest
number of tag recoveries were Baker River (111 or 8%) gmetJSkagit sub-basin spawning
grounds (80 or 6%). Combined, these three areas acco@®%oof all in-sample recoveries.

The percentage of tagged fish in the escapement sarpplésrq the eleven recovery areas
having seven or more tag recoveries ranged from 0.7%dokachamps sub-basin samples to

4.1% for Upper Skagit sub-basin samples (Table 3). Thesesignificant difference&{, P <
0.01) inp among these eleven areas.

The average number of days between release and redovenysample tag recoveries was
about 53 days (Table 4). Tagged coho salmon recovereé ieshfishery had the shortest
average time between release and recovery, 13 daysagmédoveries in the Suiattle sub-
basin had the longest average time between releasee@mwkry, 81 days. For the upstream
recovery areas, tag recoveries from the Upper Sauk sidied the earliest average day of
release (4 October) and recoveries from the Middle Skabitbasin had the latest average day
of release (31 October).

Marblemount Hatchery:

Escapement samples were collected at Marblemount Hgtdteen 27 October through

15 January. A total of 29,277 coho salmon were examine®@hdagged fish (3.3%) were
found (Appendix Table A-1). The Marblemount Hatchery samgplconsidered a census
because all returning fish are sampled so the data werexamined for temporal differences

inp.
Baker River Trap:

Escapement samples were collected at Baker River t@am ft1 September through
15 January. A total of 4,097 coho salmon were examinedafys. Based upon a four-day
minimum travel time from the tagging area to Baker Rdem determined from all five years
of tagging data (Conrad et al. 1997), samples collected ont&rSi@er were not considered
in-sample since substantial numbers of fish were agtjed until 8 September. A total of
4,076 coho salmon were examined for tags from 18 Septehnoergh 15 January and 111
tagged fish (2.7%) were found (Appendix Table A-2). The BdReer trap sample is
considered a census because all returning fish are sasmpbb@ data were not examined for
temporal differences ip.
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Table 3. Summary of the percentage of tagged or marked salhmn found in each
recovery area during in-sample surveys of the Skagit Rig87.

Fish Tags % Tagge

Recovery Area Time Period Examined Found ()]
Marblemount Hatchery 1. 27-Oct - 15-Jan 29,277 962 3.3%
Baker River Trap X.11-Sep 21 0 0.0%
1. 18-Sep - 15-Jan 4,076 111 2.7%

Upper Skagit Sub-basin 1. 16-Nov - 08-Dec 141 15 10.6%
2. 09-Dec - 09-Feb 1,834 65 3.5%

Total 1,975 80 4.1%

Middle Skagit Sub-basin 1. 16-Nov - 10-Feb 1,497 51 3.4%
Middle Sauk Sub-basin 1. 18-Nov - 18-Dec 449 16 3.6%
2. 22-Dec - 10-Feb 1,447 26 1.8%

Total 1,896 42 2.2%

Suiattle Sub-basin 1. 24-Nov - 10-Feb 1,051 38 3.6%
Commercial Fishery 1. 09-Sep - 20-Jan 754 24 3.2%
Lower Sauk Sub-basin 1. 30-Nov - 24-Dec 188 13 6.9%
2. 29-Dec - 08-Feb 585 7 1.2%

Total 773 20 2.6%

Upper Sauk Sub-basin 1. 02-Dec - 02-Feb 522 18 3.4%
Cascade Sub-basin 1. 19-Nov - 25-Jan 597 9 1.5%
IN-SAMPLE TOTAL FOR UPSTREAM AREAS 42,418 1,355 3.2%
Carpenter Sub-basin 1. 05-Nov - 02-Feb 349 0 0.0%
Nookachamps Sub-basin 1. 03-Nov - 03-Feb 1,159 8 0.7%
Test Fishery (downstream) 1. 17-Sep - 05-Nov 1,360 3 0.2%
IN-SAMPLE TOTAL FOR DOWNSTREAM AREAS 2,868 11 0.4%
TOTAL CONSIDERED IN POPULATION BEFORE TAGGING 21 0 0.0%
IN-SAMPLE TOTAL FOR ALL AREAS 45,286 1,366 3.0%
GRAND TOTAL FOR ALL SAMPLES 45,307 1,366 3.0%

%Includes fish recovered with no tag but having the s#gmgnmark (an operculum punch) or having an
illegible tag.

b X indicates that these fish were considered to lérpopulation before tagging began and not subject to
tagging (i.e., they were not considered in-sample fistthfe abundance estimates).
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Commercial and Test Fishery Samples:

An in-river commercial fishery was conducted in the uppeer on 13 days between
9 September and 20 January. A total of 754 coho salmon exarained for tags and 24
tagged fish (3.2%) were found. The hypothesis of congtémt temporal strata in the fishery
samples could not be rejected (Appendix Table A-3).

Test fisheries were conducted on 14 days between 17 Septanth® November. All test
fisheries were conducted below the tagging area. A®dtBB60 coho salmon were examined
for tags and three tagged fish (0.2%) were found (AppendieTrad]).

Middle Skagit Sub-basin:

Tag recovery samples were collected during surveys of Mi8REgit sub-basin spawning
grounds conducted from 16 November through 10 February and &tatteen Creek trap
operated from 23 November through 26 January. No fish earght at the trap on Tank
Creek because there was no water in the creek durirgjutig. Surveys were conducted by
SSC and WDFW crews. There was not a significantrdifiee inp among samples collected
by the two agencies or at the tra, ° = 0.19) so all samples were combined. A total of
1,497 coho salmon were examined for tags and 51 tagged fish) (&% found (Appendix
Table A-5). The hypothesis of constgnfor temporal strata in the recovery samples could
not be rejected.

Upper Skagit Sub-basin:

Tag recovery samples were collected during surveys of UBgagit sub-basin spawning
grounds conducted from 16 November through 9 February and @&atimaby Creek trap
operated from 4 December through 29 January. Surveys wedeaed by SSC and WDFW
crews. There was not a significant differencepiramong samples collected by the two
agencies or at the trap (ARP,= 0.69) so the samples were combined. A total of 1,976 coh
salmon were examined for tags and 80 tagged fish (4.1%)faamd (Appendix Table A-6).
There was a significant differenc#’ (P < 0.01) inp between samples collected from 16
November through 8 December and samples collected alec@mber.

Lower Sauk Sub-basin:

Tag recovery samples were collected during surveys of Ldyaik sub-basin spawning
grounds conducted from 30 November through 8 February. Sumezgsconducted by SSC
and WDFW crews. There was not a significant diffeeeingg between samples collected by
the two agencies<{, P = 0.88) so the samples were combined. A total of 773 salmon
were examined for tags and 20 tagged fish (2.6%) were found iidpp€able A-7). There
was a significant differenc&¥ P < 0.01) inp between samples collected from 30 November
through 24 December and samples collected after 24 December.
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Middle Sauk Sub-basin:

Tag recovery samples were collected during surveys of MiBdlek sub-basin spawning
grounds conducted from 18 November through 10 February. Swreegsconducted by SSC
and WDFW crews. There was not a significant diffeeeingp between samples collected by

the two agencies<{, P = 0.77) so the samples were combined. A total of 1,896 salmon
were examined for tags and 42 tagged fish (2.2%) were found iidpp€able A-8). There

was a significant differenc&¥ P = 0.02) inp between samples collected from 18 November
through 18 December and samples collected after 18 December.

Upper Sauk Sub-basin:

Tag recovery samples were collected during surveys of UBpek sub-basin spawning
grounds conducted from 2 December through 2 February. Sumergsconducted by SSC
crews. A total of 522 coho salmon were examined fgs &nd 18 tagged fish (3.4%) were
found (Appendix Table A-9). The hypothesis of constafar temporal strata in the recovery
samples could not be rejected.

Suiattle Sub-basin:

Tag recovery samples were collected during surveys oftleusatb-basin spawning grounds
conducted from 24 November through 10 February. Surveysawedkicted by SSC crews.
A total of 1,051 coho salmon were examined for tags an&@get fish (3.6%) were found
(Appendix Table A-10). The hypothesis of constantor temporal strata in the recovery
samples could not be rejected.

Other Spawning Ground Surveys:

Spawning ground surveys were conducted in three other dxeadkachamps sub-basin,
Carpenter sub-basin, and Cascade sub-basin. Tag recamapjes were collected during
surveys of Nookachamps sub-basin spawning grounds by SS@WRRW crews and at the
East Fork trap. A total of 1,159 coho salmon were exainfor tags and eight tagged fish
(0.7%) were found (Appendix Table A-11). Spawning ground sureetise Carpenter sub-
basin were conducted by SSC crews and traps were opé&nate8C on Fisher Creek and
Carpenter Creek Slough. A total of 349 coho salmon wemieed for tags but no tagged
fish (0.0%) were found in these samples (Appendix Table A-135C crews surveyed
Cascade sub-basin spawning grounds and examined 597 coho &appendix Table A-13).
Nine tags were recovered during surveys of the Cascadeasub(1.5%).
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Out-of-System Recoveries:

There were four recoveries of jaw tags outside of tkeyb River system from the tagging
conducted in the Skagit River during 1987. Three of the farovezies were from marine
areas both north and south of the mouth of the Skaggr RiThere were two tags recovered
from commercial catches: one from WDFW statistiada 8A or 10 (the exact area could not
be determined) and the other from Similk Bay. Theseeweluntary recoveries and not
recovered during commercial catch sampling. There vgasaatagged coho salmon caught by
a sport angler near Oak Harbor and voluntarily reporidtere was one tag recovered during
sampling at the Lummi Ponds fish hatchery in Lummi BAytotal of 1,820 coho salmon were
inspected at the hatchery rack from a return of 4,001 acludt salmon.

Abundance Estimates

Estimates of coho salmon abundance from the tag recdeg¢a for each major recovery area
having seven or more tag recoveries are summarizedile 5. The details of the abundance
estimate for each location are in Appendix B. Eveugn there were eight tags recovered in
the Nookachamps sub-basin, these data were not usedet@atgesin abundance estimate. The
Nookachamps sub-basin is substantially below the tagggayeand we do not feel that all coho
salmon from this area passed through the tagging are@ sdinples from Marblemount
Hatchery and Baker River trap were both censuses gonttiee compared to determine if it
was appropriate to pool them. The two samples wersigoificantly different X, P = 0.11)

SO an estimate was generated for the pooled data.

The four samples from sub-basins above the tagging dned Wwad no significant (aP >
0.05) temporal differences ip (Middle Skagit, Suiattle, Upper Sauk, and Cascade) were
compared, also. There was a significant differengeamong these areas when the Cascade
sub-basin sample was includetf, (P = 0.09), but there was not a significant difference in
among the remaining three areas when the Cascade samplexcludedXf, P = 0.96).
Therefore, samples from these three areas (Middle SKagiattle, and Upper Sauk sub-
basins) were pooled for an estimate. Fingllyor Marblemount Hatchery, Baker River trap,
the commercial fishery, and the Middle Skagit, Suiattled Upper Sauk sub-basins were
compared. The differences amopgvere not significantX¢, P = 0.55), therefore, samples
from these six areas were pooled for an estimate.

Estimates of the number of coho salmon migrating thrabghower Skagit River tagging area
ranged from 142,836 coho salmon using Lower Sauk sub-basirergaata to 324,474 coho

salmon using Cascade sub-basin spawning ground recoveryRtadéed Marblemount-Baker-

commercial fishery-Middle Skagit-Suiattle-Upper Sauk data ideav the most precise

estimate (CV = 2.5%). The estimate with the largegtvias from Lower Sauk sub-basin
recovery data (CV = 206.7%). The 95% confidence inteffealthe abundance estimates
overlapped for each recovery area.
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Additional Analyses

The release data were divided into ten, 10-day time pefiwdfie migratory timing analysis
and to describe temporal patterns in the length and apasition of tagged coho salmon.
Coho salmon were tagged and released during nine of theseéspe

Timing of Migrations to Major Recovery Areas:

The CPUE of coho salmon by the beach seine incwverl river tagging area is shown by day
and for each 10-day period in Figure 6. CPUE peaked during thetdbé&d through 10
October time period and during the 31 October through 9 Noatepdriod. Eight areas had
ten or more recoveries of legible tags which could bedufr the migratory timing
calculations (Appendix Table A-14). The trends in CPUBMafblemount Hatchery fish and
fish bound for spawning grounds in the Upper Skagit sub-basia wery similar to the trend
for total CPUE by 10-day period (Figure 7). The CPUEgf bound for Baker River, Upper
Skagit sub-basin, Middle Sauk sub-basin, and Upper Sauk subgmpesiming grounds all
peaked during the 1 October through 10 October time periodo §amon bound for Middle
Skagit sub-basin spawning grounds had the latest timing48ih of the total CPUE of this
group occurring in the 10 November to 19 November period.

Length and Sex Composition Analyses:

The sex and length data for the 5,425 coho salmon taggectlaaded in the lower Skagit
River and the 1,196 in-sample recoveries with legible vagre analyzed. Both the K-S and
M-W tests which compared the lengths of coho salmgged but notecovered to the lengths
of those tagged and recovered were significBrt 0.02) indicating that the recovery samples
were not random with respect to length of fish. Thewes also a significant difference
between male and female length distributions (K-S fst,0.01), therefore, all subsequent
analyses of length were conducted for each sex separdtes evident from Figure 8 that
male coho salmon had a higher proportion of smalle@sdjfish less than 50 cm) than female
coho salmon. Coho salmon less than 50 cm in lengtipased about 41% of the males that
were tagged but only 14% of the female coho salmon tbet tagged.

Males Tagged male coho salmon averaged 52.2 cm in fork lengh= (@ 15). The mean
length of male coho salmon that were tagged but notveeed was 52.1 cm (SE = 0.18)
compared to a mean length of 52.3 cm (SE = 0.26) for mhle saimon that were tagged and
recovered. The length distribution of male coho saltiah were tagged but not recovered
was significantly different (K-S tesk < 0.01) from the distribution of those that were tagged
and recovered (Figure 9). Three length categories wereddfom the sequential K-S tests
for male coho salmon: (1) fish with lengths less th8rcm; (2) fish with lengths from 48 cm
through 57 cm; and (3) fish with lengths greater than 57 The percentages of tagged coho
salmon in each length category that were recovered W& 6%, 29.5%, and 18.7%,
respectively (Appendix Table A-15).
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recovered from the area.
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recovered from the area (continued).
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Females Tagged female coho salmon averaged 55.5 cm in fork I€8&tk 0.11). The mean
length of female coho salmon that were tagged but rmmivezed was 55.7 cm (SE = 0.13)
compared to a mean length of 54.5 cm (SE = 0.22) for fecndle salmon that were tagged
and recovered. The length distribution of female collm@n that were tagged but not
recovered was significantly different (K-S teBt< 0.01) from the distribution of those that
were tagged and recovered (Figure 9). Two length categaees defined from the
sequential K-S tests for female coho salmon: (1)vigh lengths less than 60 cm; and (2) fish
with lengths equal to or greater than 60 cm. The pergestaf tagged coho salmon in each
length category that were recovered were 22.8% and 13.1%ecteely (Appendix
Table A-15).

Tag Recovery Rates There was a significant differencE € 0.02) in tag recovery rates
between male and female coho salmon. The highestofatag recovery, 29.5%, was for
males in the medium (48 to 57 cm) length category (Appendpe&15). The lowest tag
recovery rate (13.1%) was for females in the largesjtfecategoryX 60 cm). There was a
significant difference X, P = 0.10) in tag recovery rates among the release comditio
categories. Coho salmon classified as x+ had a 5.6%&¢tagery rate while those classified as
x had a 22.2% tag recovery rate (Appendix Table A-16). Tkeas not a significant
difference X%, P = 0.12) in tag recovery rates among the maturity categori

Sex-Length Composition There were temporal changes in both the sex cotigrosind
length composition for each sex during the tagging perioguf€il0). The percentage of
males in the tagging samples declined from about 65% to d@88titduring the release period
and the percentage of females increased. The percarftag®ll males (< 48 cm) decreased
throughout the release period and the percentage of latge (p&b7 cm) and large females (>
59 cm) increased.

Conclusions

The tag recovery data indicate that approximately 3% he@fcbho salmon migrating through
the lower river tagging area were caught and tagged. Tlemeage of tagged or marked
coho salmon in the samples from most of the majoovery areas (areas with seven or more
tag recoveries) was near 3%: Marblemount 3.3%; Baker Riap 2.7%; commercial fishery
3.2%; Middle Skagit sub-basin 3.4%; Suiattle sub-basin 3.6%etL&auk sub-basin 2.6%;
and Upper Sauk sub-basin 3.4%. The exceptions were theesangph the Upper Skagit sub-
basin (4.1%), Middle Sauk sub-basin (2.2%), and Cascade snb{fas). Significant
differences inp between samples collected during different time periods Yeeind at Upper
Skagit, Lower Sauk, and Middle Sauk sub-basins. This materpratation of the overgt

for these areas uncertain. Similar to 1986or the sample from the Cascade sub-basin was
less than that observed in the majority of the oteeovery areas upstream of the tagging site.
The tag recovery data indicate that some coho salmam $pawning areas substantially
downstream of the tagging site were present in the taggeg. There were eight tags
recovered in 1,508 coho salmon examined (0.5%) during spawnnmarsurveys in the
Nookachamps and Carpenter sub-basins.
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We recommend that the estimate using the pooled Marbleri@aker-commercial fishery-
Middle Skagit-Suiattle-Upper Sauk data be considered the “lss$ithate of coho salmon
abundance for 1987. There was not a significant differem@eamong these areas. The
samples from two of the areas (Marblemount Hatchady Baker River trap) are censuses.
There were no temporal differencespirfor the samples from the commercial fishery or the
three sub-basins. This estimate uses the largest naitag) recoveries (1,204) and therefore
has the smallest CV. We do not recommend combiniegdtdta from the Upper Skagit,
Middle Sauk, and Lower Sauk sub-basins because of the tdndiégeences inp for the
samples from these areas. The estimate, 167,408 cohonsé@®5% confidence interval:
158,694 to 177,368), is for the number of fish present in therl@kagit River tagging area
during the period 3 September to 20 November. This estimetgles coho salmon bound
for all spawning grounds above the tagging area and somierpoftthe escapement to areas
downstream of the tagging site.
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DISCUSSION

The number of coho salmon in the escapement to thgitkiser was estimated using the tag
release-and-recovery data and the Petersen model.cussisn of how well the data meet the
major assumptions of the Petersen model and a defimfitine “population” which is being
estimated follows.

Population was Closed

We assume that some coho salmon migrated through thexdagygia before and after the
period of tagging (3 September through 20 November). AlthohghRetersen model
generally assumes a closed population, the population capdmebut the exact point in time
to which the estimate applies must be specified (Seber .1982)feel the trend in CPUE for
the beach seine used to capture coho salmon for tagginglgscstrong evidence that the
tagging period encompassed the major portion of the cdimoisanigration. The CPUE was
low when tagging began and was followed by an increa€®WE to a peak during the period
1 October through 10 October. There was then a periatedining CPUE followed by
another peak in CPUE during the period 31 October through @rmar. This was followed
by a decline in CPUE in mid and late November (Figure &nly 19 coho salmon were
captured during 24 sets conducted on 18, 19, and 20 November (0.78€atnbo/set).

Similarly to 1986, adjustments were made to the total nuoibesh examined at Baker River
trap to account for early-arriving fish that were sobject to tagging. Therefore, the estimate
includes only the portion of the population migrating throtigh tagging area after tagging
began.

If we assume there is recruitment to the population dcsdmon migrating through the
tagging area after tagging ends) but no mortality befogefith reach their spawning areas,
and there is complete mixing of the fish on the spagvgitounds, then the abundance estimate
includes coho salmon migrating through the tagging area #ite last day of tagging
Sampling at Marblemount Hatchery and at Baker River trequrred through 15 January.
Tag recovery surveys were conducted in most sub-basimsgagrounds until early or mid
February. We feel there was sufficient time for caadmon migrating through the tagging
area after tagging had ended to mix with the fish alrpaglsent on the spawning grounds and
at Marblemount Hatchery.

Area Encompassed by the Estimates:

The Petersen model estimates the number of coho samgoating though the tagging area in
the lower river during the time period defined above. @&smate includes all coho salmon
bound for spawning areas above the tagging area (includingievfeount Hatchery and Baker
River) and all spawning areas in the Middle Skagit submbalsove and including Hansen
Creek (Figure 1). Even though Hansen Creek is belowatging area, the percentage of
tagged coho salmon found in samples at the trap wasgmificsintly different from samples
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collected from other spawning grounds in the Middle Skagitsgin and was similar to other
upstream spawning areas. However, the tag release-@wkng data suggest that only a
fraction of the coho salmon which spawned in the Gagseand Nookachamps sub-basins
passed through the tagging area. The percentage of talgs samples from these areas
combined, 0.4% (including test fishery samples), was muadlles than in the upstream
recovery areas. This indicates that only a portioth@® coho salmon from these areas passed
through the tagging area. Therefore, we conclude thaalbb@dance estimate does not
include all of the coho salmon which spawned in thep@ater and Nookachamps sub-basins.
If the total number of tagged fish that migrated to tlesgnstream areas could be estimated,
this number could be removed from the total number g$ teleased and the abundance
estimate would include only coho salmon bound for anpatream of the tagging site and the
Middle Skagit sub-basin. We estimated the number of tlags’ ‘to these downstream areas
so that we could examine the effect of these tagh®mbundance estimate for the upstream
areas.

Estimate of the Number of Tagged Fish “Lost” to Areasvidstream of the Tagging Area:

Three groups of fish from areas downstream of the tagaieg were examined for tags:
(1) commercial fishery catches; (2) test fishery loasc and (3) fish spawning in the Carpenter
and Nookachamps sub-basins. We were not able to talldea commercial catch in area 78D
to its subareas (78D-2, 78D-3, and 78D-4; see Figure 4) in 1987efdilme we assumed that
the entire 78D commercial catch was included in the almoedastimate. The tag recovery
data support this as the total percentage of tags foundnmmercial fishery samplep (=
3.2%) was similar to that observed at most of the ugstr@covery areas with seven or more
tag recoveries (Table 3). There were no samples itespdor tags from the commercial
fishery catches in areas 78C, 8, and 8E (inner Skagit, Bhgyefore, we applied the
percentage of tags found in downstream test fishery sar(dtea 2, Blakes, Bay, and Jetty;
see Figure 4) to these catches. The number of taggqurdisbnt on spawning grounds in the
Carpenter and Nookachamps sub-basins was estimated byh@pply percentage of tags
found during in-sample surveys of these sub-basins com{@igdd tagged fish found in 1,508
fish examined forp = 0.53%) to an independent estimate of the number of sahlmon
spawning in these sub-basins. The spawning ground escdpmdrese sub-basins was
estimated using a redd-count method (Conrad et al. 1993).e Wae also the four out-of-
system tag recoveries: three of these recoveries wduntary and one was recovered as part
of a hatchery rack sampling program. The data used toatstihe number of tags lost to
downstream areas are summarized in Appendix Table A-17 esfifeated that a total of 45
tags could have been “lost” to these downstream ar#dathe number of tags released is
adjusted to 5,380 (5,425 - 45), then (using the pooled Marblemoket-Baddle Skagit-
Suiattle-Upper Sauk-commercial fishery recovery data) éfitmated abundance for areas
upstream of the tagging area becomes 1660020 salmon. This is only 1,388 fish less than
the “unadjusted” estimate which is less than a one pediierence.
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The presence of coho salmon in the tagging area bourgygtems outside the Skagit River
would also affect the abundance estimate. In 1987, there wnly four out-of-system
recoveries out of 5,425 coho salmon tagged (0.07%) in the Bkagit River. Therefore, we
do not feel that either: (1) the loss of tagged cohm@alto systems outside the Skagit River
or (2) the contribution of coho salmon bound for systeratside the Skagit River to the
population being estimated were major sources of error.

All Coho Salmon Have an Equal Probability of Capture idufTagging or the Recovery
Sample is a Simple Random Sample of the Population

These assumptions are often hard to satisfy as ifffisullior impossible to obtain simple
random samples from highly dispersed and mobile populatiBostunately, the estimates are
still valid under certain alternative assumptions. Juid®$3) demonstrated that selectivity
(non-randomness) may exist in both the tagging and eeg@amples without introducing bias
in the estimate if the sources of selectivity intve samples are independent.

During the Skagit River study, there is evidence thattalyging sample may not have been
random with respect to time. Certain portions of pgulation may have been tagged at
higher rates than others. There is also evidendethiarecovery samples on the spawning
grounds were selective with respect to the length ofishe at least for males. Eames et al.
(1981, 1983) found that there was a correlation betweerofiraetry and size of coho salmon
for the returns to the Skagit River in 1976 and 1977. Snimllegenerally arrived earlier in
the run than larger fish. This presents a problemmihg of passage through the tagging area
is correlated with the size of fish aadea of spawning (Junge 1963). If such selectivity existed
the population estimates would contain a negative bidswever, we believe if such a bias
exists it is small because the majority of the taxpvery data used for the abundance estimate
was collected from areas where there was no sisetsdly (Marblemount Hatchery and
Baker River trap).

The use of different gears to obtain the tagging and ezgmamples is a common technique
for minimizing the bias due to selectivity (Ricker 1975p&e1982). In this study, coho
salmon were captured for tagging using a beach seine.v&gsamples were either a census
of all adults returning to an area (Marblemount Hatclaeny Baker River trap) and thus non-
selective, or were samples collected on the spawningngsoduring foot surveys (and to a
lesser extent by traps in some areas). We do nbthigeselectivity (non-random sampling)
was a significant source of bias for the estimatesumee: (1) the methods used to capture
coho salmon for tagging were different from those use@d¢over them; and (2) a majority of
the tag recoveries used to estimate abundance weretedligy a census.
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Tagqging Does Not Affect the Catchability of an Animal

This assumption is necessary because some of thesatrhon passing through the tagging
area were subject to an in-river commercial fisladygve the tagging area. If jaw-tagged coho
salmon were removed at a different rate than untaggedthe percentage of tags in any
recovery samples collected after this removal woulditberent from the percentage of tags in
the population immediately after tagging. There is ndexnge of selective removal of tagged
fish in the data. In 1987, the percentage of tagged figlonmmercial fishery samples from
area 78D was essentially the same as that observgidratemount Hatchery, Baker River
trap, and in samples from most upstream spawning grounds.

Animals Do Not Lose Their Tags Between the First @adond Samples

In 1987, 12% of the tagged coho salmon recovered had missiliggdile tags. However,
the use of opercula punches on all tagged fish allowed salh@mn with missing tags to be
identified as previously tagged. Identified tag loss mustidoeunted for only in the Darroch
estimate of abundance which requires that the releasedpef recovered individuals be
known. When there was no tag but an operculum punch wasnpi(es the tag was illegible),
the release period was estimated as described in tHedesection. This was required only
when the Darroch estimate was selected as the appgeopmadel. The Darroch estimate was
used only for the abundance estimates produced from the Bagit, Lower Sauk, and
Middle Sauk sub-basin data. The Petersen estimate lgateseas the appropriate model for
all other estimates including the “best” estimate. lokg as all coho salmon with a missing tag
are identified by an operculum punch, the Petersen estimabt affected by the missing tags.

All Tagged Animals are Reported in the Second Sample

Because the majority of the tag recoveries used forathendance estimates were from
Marblemount Hatchery, and all coho salmon at Marblamhddatchery were inspected twice
for tags, we expect very few jaw-tagged (or marked) figrewmissed. Live fish were
individually inspected for tags and marks at Baker River d@uring surveys of spawning
grounds, surveyors carefully inspected each carcass foparculum punch if no tag was
visible. Considering that some carcasses were adaanced state of decay it is possible that
some fish with a missing tag were not identified. In 1@®6ut 7% of the carcasses examined
on the upriver spawning grounds (Middle Skagit sub-basin angdeploould not be sampled
because of their condition.

There are No Mortalities Due to Tagging

Tests to determine the extent of tagging mortality veereducted during four of the five study
years. These tests and their results are documenteohirad et al. (1997). Based on these
tests we concluded that there was no evidence of taggiriglity. The tests provided strong
evidence that there was no short-term (within 48 howagying mortality. The tag recovery
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data from the commercial fishery samples provide additi@vidence that there was no
delayed tagging-induced mortality occurring from two weeks upree months after tagging,
either. The average time between tag release andremycdor the commercial fishery
recoveries, about 24 days (Table 4), was the shortemtyobf the upstream recovery areas.
Since the coho salmon caught in the commercial fislaee caught relatively soon after
tagging, we would expect that if there is any delayed titgrzaused by tagging it would
cause the commercial fishery samples to have a hagreentage of tags than the samples that
are taken much later, further upstream. In 198for the commercial fishery samples (3.2%)
was nearly identical to that for Marblemount Hatchéy8%). Spawning ground samples
from four areas (Middle Skagit, Upper Skagit, Suiattle, and UBpek sub-basins) had values
for p larger than that of the commercial fishery samples.
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CONCLUSIONS

The estimated abundance of coho salmon in 1987 was 167,408ithsh 95% confidence
interval of 158,694 to 177,368 fish. The mark-recapture estimdte the number of coho
salmon migrating through the tagging area after tagging beg&nSeptember. It includes all
coho salmon bound for spawning areas above the tagga@agean unknown fraction of the
salmon from spawning areas in the Nookachamps and Carprii-basins. This abundance
estimate was very precise (CV = 2.5%) because of the lsumber of fish examined for tags
during in-sample surveys and the relatively high percenffagenark-recapture estimates) of
the total number of fish tagged that were eventuallpvexed and used for the estimate
(18%). To restrict the estimate to spawning areashén Nliddle Skagit sub-basin and
spawning areas above it, adjustments were made to theenwhtags released. Using the
adjusted number of tags released, the estimated abundarités foore restricted area was
166,020 coho salmon. The variance of this estimate wascalculated because of the
unknown precision for the estimated number of tags “lastlownstream areas. The adjusted
estimate falls within the 95% confidence intervalled briginal estimate.

To estimate the number of “wild” coho salmon whichateed upstream spawning areas in the
Skagit River during 1987, the number of hatchery fish pluscatghes by the commercial and
test fisheries above the tagging area need to be reniom the adjusted estimate and the
number of fish which migrated through the tagging area podagging needs to be added.
Since fish which migrated through the tagging area befoyging began are included in the
spawning ground samples, only prior-migrating fish returnin@aker River or caught in the
commercial fishery need to be included. Since the metto the Baker River trap were
censused and the total commercial catch by date isdet@n fish tickets, we have a total
count of the prior-migrating fish to these areas: 21 tiisiBaker River and 1,036 fish in the
commercial fishery. In-population sport catches sholsid be subtracted from the adjusted
estimate. In-river catches of coho salmon by tbertsfishery in the Skagit River were
estimated to be only 129 fish in 1987 (WDF 1988) and were ohbidiad in the summary total
as the specific dates and areas of harvest of tr&sare unknown. A summary of the total
terminal area run of coho salmon to the Skagit Riwet987 is presented in Table &he
total terminal area run of coho salmon to the Skagit River in 1987 igstimated to be
180,706, fish. An estimated 137,738 coho salmon were in the “wild"capement to
Skagit River spawning grounds 133,088 fish were estimated to have reached upstream
spawning grounds and 4,650 coho salmon were estimated far lvee(Nookachamps and
Carpenter sub-basin) spawning grounds. For comparisorgstapement of “wild” coho
salmon to Skagit River spawning grounds estimated using er@dexsurveys was 33,000 fish
(Jeff Parkhurst, WDFW, personal communication). TBkisn&ate is two-thirds smaller than
the tagging estimate. An alternative estimate, derivech CWT recoveries in the test
fisheries and trap recoveries (Hayman 1996), was foldaestapement of 85,000 to 96,000
fish (depending upon the hatchery stray rate assumedgdiiisate was subsequently refined
for a wild escapement estimate of 86,000 fish (Hayman 19898)ng a redd-count method,
Conrad et al. (1993) estimated the wild escapement to be 8tbAL,000 fish (depending
upon the number of coho salmon per redd assumed).
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Table 6. Summary of the number of coho salmon retutoirgkagit Bay in 1987.

Out of

Component In-Population Population Total
Upstream Estimated Total 166,020 1,076 167,096
Marblemount Hatchery 29,277 0 29,277
Baker River Hatchefy 1,561 15 1,576
Area 78D Commercial Catch 2,119 1,036 3,155
Upstream Test Fishery Catch 0 0 0
Upstream Removals and Hatchery Fish 32,957 1,051 34,008
Estimated “Wild” Esgapement 133,063 o5 133,088
to Upstream Spawning Areas
Nookachamps Sub-basin Estimated Escapement 3,339 3,339
Carpenter Sub-basin Estimated Escapement 1,311 1,311
Areas 78C, 8E, 8 Commercial Catches 7,594 7,594
Downstream Test Fishery Catch 1,366 1,366
Downstream Total 13,610 13,610
Wild” Escapemerftto Spawning 133.063 4675 137,738
Grounds
Total Terminal Run to Skagit Bay 166,020 14,686 180,708

Estimated total number of hatchery coho salmon tamtrmed to Baker River trap. The release of
hatchery smolts for the 1984 brood year (which primastyrned during 1987) was not adipose fin
clipped. Therefore, the total number of adult fish dthery origin in the 1987 return (1,576) was
estimated by multiplying the historic average return fatehatchery smolts to Baker River by the
number of smolts released (Tim Flint, WDFW, persormthmunication). Since the total return to
the Baker River trap was 4,116, the estimated escapemefiti@oho salmon was the remainder, or
2,540 coho. Of the total return to Baker River, 40 retupreat to tagging and were considered out
of population. The hatchery:wild composition of theseodBof-population coho was assumed to be
the same as for the total Baker River trap return; weisstimated that 15 of these fish were hatchery
fish and 25 were wild coho salmon. The wild totalsiackuded in the “wild” escapement numbers.

® Includes estimated “wild” escapement to upstream spawnieasaand estimated escapement to the
Nookachamps and Carpenter sub-basins (from Conradl&93).

¢ The estimated catch by the in-river sport fishery w29 coho salmon, but the specific dates and
areas of harvest of these fish are unknown. The wotd escapement should be reduced by the
number of coho salmon caught in the sport fishery inre@st areas after tagging began. The total
terminal run should be increased by the number caughtwnsdeam areas or before tagging started.
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APPENDIX A

Summary tables of sample data for 1987.
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Appendix Table A-1. Summary of coho salmon escapementpleantollected at
Marblemount Hatchery in 1987.

Sample Number of Number of % with Tags
Date Sample Method Fish Examined Tags Found (p)
27-Oct Pond Mortality 2 1 50.0%

Mortality Test 25 0 0.0%

Total 27 1 3.7%

16-Nov Pond Mortality 24 7 29.2%
Surplused 1,306 27 2.1%

Total 1,330 34 2.6%

17-Nov Surplused 1,766 75 4.2%
23-Nov Spawned 1,667 81 4.9%
24-Nov Spawned 1,484 61 4.1%
25-Nov Spawned 572 29 5.1%
30-Nov Pond Mortality 190 37 19.5%
Surplused 2,808 108 3.8%

Total 2,998 145 4.8%

1-Dec Surplused 30 0 0.0%
8-Dec Pond Mortality 8 0 0.0%
Surplused 799 19 2.4%

Spawned 1,054 40 3.8%

Total 1,861 59 3.2%

14-Dec Surplused 2,741 71 2.6%
16-Dec Pond Mortality 330 26 7.9%
Spawned 1,392 34 2.4%

Total 1,722 60 3.5%

17-Dec Pond Mortality 316 10 3.2%
Spawned 1,540 41 2.7%

Total 1,856 51 2.7%

21-Dec Surplused 4,280 95 2.2%
22-Dec Surplused 3,921 104 2.7%
23-Dec Pond Mortality 167 11 6.6%
Surplused 1,903 53 2.8%

Total 2,070 64 3.1%

4-Jan Spawned 437 16 3.7%
15-Jan Pond Mortality 72 7 9.7%
Spawned 443 9 2.0%

Total 515 16 3.1%

Subtotals Pond Mortality 1,109 99 8.9%
Surplused 19,554 552 2.8%

Spawned 8,589 311 3.6%

Mortality Test 25 0 0.0%

IN-SAMPLE TOTAL 29,277 962 3.3%

% Includes fish recovered with no tag but having the sgmgnmark (an
opercula punch) or having an illegible tag.
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Appendix Table A-2. Summary of coho salmon escapemenpleantollected at
Baker River trap in 1987.

Sample Number of Number of % with Tags
Date Fish Examined Tags Found ()

11-Ser 21 C 0.0%
18-Ser 63 C 0.0%
23-Seg 91 C 0.0%
25-Sey 47 C 0.0%
3C-Ser 206 1 0.5%
2-Ocl 146 z 1.4%
5-Oct 186 2 1.1%
7-Oct 129 z 1.6%
9-Ocl 71 z 2.8%
12-Oct 277 K 1.1%
13-Oct 64 C 0.0%
14-Oct 60 z 3.3%
16-Oct 54 C 0.0%
19-Oct 127 z 1.6%
21-Oct 80 K 3.8%
23-Oct 70 4 5.7%
26-Ocl 91 1 1.1%
28-Oct 118 1 0.8%
3C-Oct 31 C 0.0%
2-Nov 88 £ 5.7%
4-Nov 430 1t 3.5%
5-Nov 44 C 0.0%
6-Nov 68 K 4.4%
9-Nov 129 £ 3.9%
1C-Nov 139 K 2.2%
12-Nov 136 4 2.9%
13-Nov 250 1C 4.0%
14-Nov 124 1C 8.1%
16-Nov 195 7 3.6%
18-Nov 101 £ 5.0%
20-Nov 92 £ 5.4%
23-Nov 72 £ 6.9%
25-Nov 96 £ 5.2%
3C-Nov 23 1 4.3%
2-Dec 26 z 7.7%
4-Dec 37 C 0.0%
7-Dec 38 C 0.0%
9-Dec 22 1 4.5%
11-Dec 20 C 0.0%
16-Dec 12 C 0.0%
18-Dec 4 C 0.0%
23-Dec 9 C 0.0%
3C-Dec 4 C 0.0%
8-Jar 3 C 0.0%
15-Jar 3 C 0.0%
IN-SAMPLE TOTAL 4,076 111 2.7%

% Includes fish recovered with no tag but having the sgegnmark (an opercula punch)
or having an illegible tag.
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Appendix Table A-3. Summary of coho salmon catch sampidiected from the
commercial fishery in area 78D, 1987.

Sample Number of Number of % with Tags
Date Fish Examined Tags Found )
9-Sep 30 0 0.0%
10-Sep 94 0 0.0%
11-Sep 45 0 0.0%
17-Nov 72 8 11.1%
18-Nov 161 8 5.0%
21-Dec 86 5 5.8%
22-Dec 8 0 0.0%
23-Dec 55 0 0.0%
28-Dec 5 0 0.0%
29-Dec 132 2 1.5%
30-Dec 36 1 2.8%
13-Jan 24 0 0.0%
20-Jan 6 0 0.0%

IN-SAMPLE TOTAL 754 24 3.2%

% Includes fish recovered with no tag but having the s#mgnmark (an
opercula punch) or having an illegible tag.
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Appendix Table A-4. Summary of coho salmon catch sangalescted during test fisheries
in the Skagit River, 1987.

Area 2 Blakes Bay and Jetty
Sample Number # Tags Number # Tags Number # Tags
Date Examined Found p Examined Found  p Examined Found  p
17-Sep 108 0 0.0%% 92 0 0.0%
22-Sep 30 1 3.3%
23-Sep 108 0 0.0%% 47 0 0.0%
29-Sep 70 0 0.0%
30-Sep 145 0 0.0%% 62 1 1.6%
7-Oct 45 0 0.0% 196 0 0.0% 10 0 0.0%
13-Oct 12 0 0.0%
15-Oct 115 0 0.0% 73 0 0.0%
21-Oct 39 0 0.0%
22-Oct 54 0 0.0% 31 0 0.0%
28-Oct 38 0 0.0% 5 0 0.0%
30-Oct 52 1 1.9%
4-Nov 1 0 0.0
5-Nov 25 0 0.0% 2 0 0.0%
IN-SAMPLE 248 2 0.8% 789 0 0.0% 323 1 0.3%
TOTAL

% Includes fish recovered with no tag but having the sgmgnmark (an opercula punch) or
having an illegible tag.
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Appendix Table A-7. Summary of coho salmon escapemenplssrfrom the Lower Sauk
sub-basin collected during spawning ground surveys by Skagersys
Cooperative (SSC) and Washington Department of Fish\V¥ilutiife
(WDFW) crews, 1987.

SSC SURVEY¢ WDFW SURVEYS SURVEYS COMBINED
Survey Number Tags Number Tags Number Tags
Date Examined Found® p Examined Found® p Examined Found® p
30-Nov 2 0 0.0%) 2 0 0.0%)
7-Dec 12 3 25.0% 12 3 25.0%
14-Dec 15 0 0.0% 15 0 0.0%
16-Dec 26 2 7.7% 26 2 7.7%
22-Dec 115 6 5.2%) 115 6 5.2%
24-Dec 18 2 11.1% 18 2 11.1%
Subtotal 144 9 6.2%) 44 4 9.1% 188 13 6.9%
29-Dec 148 2 1.4% 110 2 1.8% 258 4 1.6%
4-Jan 58 0 0.0%) 58 0 0.0%)
7-Jan 10 O 0.0% 10 0 0.0%)
11-Jan 45 0 0.0% 45 0 0.0%
12-Jan 32 1 3.1% 32 1 3.1%
18-Jan 16 0 0.0%) 16 O 0.0%)
26-Jan 29 1 3.4%) 11 0 0.0% 40 1 2.5%
4-Feb 94 1 1.1% 94 1 1.1%
8-Feb 32 0 0.0%) 32 0 0.0%)
Subtotal 409 5 1.2% 176 2 1.1% 585 7 1.2%
'N‘S’_*r'\é_Fr’/';E 553 14 2.5% 220 6 2.7% 773 20 2.6%

% Includes fish recovered with no tag but having the sgmgnmark (an opercula punch) or
having an illegible tag.
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Appendix Table A-8. Summary of coho salmon escapemenlesifiom the Middle Sauk
sub-basin collected during spawning ground surveys by Skagersys
Cooperative (SSC) and Washington Department of Fish\V¥ilutiife
(WDFW) crews, 1987.

SSC SURVEY¢ WDFW SURVEYS SURVEYS COMBINED
Survey Number Tags Number Tags Number Tags

Date Examined Found® p Examined Found® p Examined Found® p
18-Nov 1 0 0.0%) 1 0 0.0%)
30-Nov 68 4 5.9%) 68 4 5.9%)
2-Dec 17 1 5.9% 17 1 5.9%
4-Dec 6 1 16.7% 6 1 16.79%
7-Dec 7 0 0.0%) 11 0 0.0%) 18 0 0.0%)
9-Dec 1 0 0.0%) 1 0 0.0%)
16-Dec 107 3 2.8%) 164 4 2.4%) 271 7 2.6%
17-Dec 14 0 0.0% 14 0 0.0%
18-Dec 53 3 5.7% 53 3 5.7%
Subtotal 184 7 3.8%) 265 9 3.4%) 449 16 3.6%)
22-Dec 390 5 1.3% 390 5 1.3%
23-Dec 41 1 2.4%) 41 1 2.4%
28-Dec 19 0 0.0%) 19 0 0.0%)
29-Dec 244 2 0.8%) 244 2 0.8%)
30-Dec 229 3 1.3% 229 3 1.3%
1-Jan 23 0 0.0%) 23 0 0.0%)
6-Jan 65 1 1.5% 65 1 1.5%
7-Jan 82 2 2.4%) 82 2 2.4%)
11-Jan 32 2 6.3%) 32 2 6.3%)
13-Jan 79 4 5.1% 79 4 5.1%
19-Jan 5 0 0.0%) 5 0 0.0%)
20-Jan 21 3 14.3% 21 3 14.39%
22-Jan 27 1 3.7%) 27 1 3.7%
26-Jan 1 0 0.0%) 29 0 0.0%) 30 0 0.0%)
27-Jan 6 0 0.0%) 6 O 0.0%)
28-Jan 46 1 2.2%) 46 1 2.2%)
1-Feb 36 O 0.0%) 36 0 0.0%)
2-Feb 30 0 0.0%) 16 0 0.0%) 46 0 0.0%)
4-Feb 7 0 0.0%) 7 0 0.0%)
8-Feb 6 0 0.0%) 6 O 0.0%)
10-Feb 13 1 7.7% 13 1 7.7%
Subtotal 1,085 22 2.0%) 362 4 1.1% 1,447 26 1.8%
'N‘S’_*r'\é_Fr’/';E 1,269 29  2.3% 627 13 2.1% 1,806 42  2.204

% Includes fish recovered with no tag but having the s#mgnmark (an opercula
punch) or having an illegible tag.
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Appendix Table A-9. Summary of coho salmon escapemerntlsarfiom the Upper
Sauk sub-basin collected during spawning ground surveys by
Skagit System Cooperative crews, 1987.

Survey Number of Number of % with Tags
Date Fish Examined Tags Found )
2-Dec 68 6 8.8%
9-Dec 104 2 1.9%
15-Dec 35 1 2.9%
16-Dec 9 0 0.0%
17-Dec 61 2 3.3%
20-Dec 55 1 1.8%
22-Dec 72 1 1.4%
23-Dec 7 1 14.3%

1-Jan 33 1 3.0%
6-Jan 5 0 0.0%
7-Jan 36 1 2.8%
15-Jan 5 0 0.0%
16-Jan 9 0 0.0%
22-Jan 8 0 0.0%
26-Jan 1 0 0.0%
27-Jan 8 1 12.5%
2-Feb 6 1 16.7%

IN-SAMPLE

TOTAL 522 18 3.4%

% Includes fish recovered with no tag but having the sgmgnmark (an
opercula punch) or having an illegible tag.
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Appendix Table A-10. Summary of coho salmon escapementlesifiom the Suiattle sub-
basin collected during spawning ground surveys by Skagit System
Cooperative crews, 1987.

Survey Number of Number of % with Tags
Date Fish Examined Tags Found )
24-Nov 3 0 0.0%
1-Dec 9 0 0.0%
8-Dec 49 2 4.1%
9-Dec 77 4 5.2%
15-Dec 50 3 6.0%
18-Dec 2 0 0.0%
21-Dec 127 7 5.5%
22-Dec 64 1 1.6%
27-Dec 31 0 0.0%
28-Dec 115 3 2.6%
29-Dec 125 5 4.0%

5-Jan 173 6 3.5%
14-Jan 79 1 1.3%
21-Jan 13 0 0.0%
22-Jan 1 0 0.0%
25-Jan 46 3 6.5%
27-Jan 24 1 4.2%
1-Feb 42 0 0.0%
4-Feb 2 0 0.0%
10-Feb 19 2 10.5%

IN-SAMPLE

TOTAL 1,051 38 3.6%

% Includes fish recovered with no tag but having the sgmgnmark (an
opercula punch) or having an illegible tag.
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Appendix Table A-12. Summary of coho salmon escapementlesifiom the Carpenter
sub-basin collected during spawning ground surveys by Skagit
System Cooperative crews and at traps on Fisher Credk a
Carpenter Creek Slough, 1987.

SURVEYS SUB-BASIN TRAPS? SAMPLES COMBINED
Survey Number Tags Number Tags Number Tags
Date Examined Found®  p Examined Found®  p Examined Found®  p
5-Nov 1 0 0.0% 1 0 0.0%
8-Nov 1 0 0.0% 1 0 0.0%
12-Nov 1 0 0.0% 1 0 0.0%
13-Nov 7 0 0.0% 7 0 0.0%
23-Nov 3 0 0.0% 3 0 0.0%
24-Nov 7 0 0.0% 7 0 0.0%
25-Nov 4 0 0.0% 4 0 0.0%
2-Dec 11 0 0.0% 11 0 0.0%
4-Dec 1 0 0.0% 1 0 0.0%
6-Dec 4 0 0.0% 4 0 0.0%
7-Dec 4 0 0.0% 4 0 0.0%
8-Dec 7 0 0.0% 7 0 0.0%
9-Dec 3 0 0.0% 3 0 0.0%
10-Dec 2° 0.0% 6 0 0.0% 8 0 0.0%
11-Dec 13 0 0.0% 1 0 0.0% 14 0 0.0%
12-Dec 2 0 0.0% 2 0 0.0%
14-Dec 3 0 0.0% 3 0 0.0%
16-Dec 4 0 0.0% 4 0 0.0%
17-Dec 6 0 0.0% 6 0 0.0%
18-Dec 37 0 0.0% 37 0 0.0%
21-Dec 3 0 0.0% 3 0 0.0%
22-Dec 4 0 0.0% 4 0 0.0%
23-Dec 9 0 0.0% 9 0 0.0%
29-Dec 6 0 0.0% 6 0 0.0%
30-Dec 37 0 0.0% 37 0 0.0%
31-Dec 33 0 0.0% 4 0 0.0% 37 0 0.0%
2-Jan 2 0 0.0% 5 0 0.0% 7 0 0.0%
4-Jan 33 0 0.0% 33 0 0.0%
6-Jan 13 0 0.0% 2 0 0.0% 15 0 0.0%
8-Jan 2 0 0.0% 2 0 0.0%
10-Jan 2 0 0.0% 2 0 0.0%
13-Jan 26 0 0.0% 1 0 0.0% 27 0 0.0%
14-Jan 9 0 0.0% 9 0 0.0%
15-Jan 6 0 0.0% 2 0 0.0% 8 0 0.0%
21-Jan 2 0 0.0% 2 0 0.0%
22-Jan 1 0 0.0% 1 0 0.0%
25-Jan 5 0 0.0% 5 0 0.0%
26-Jan 9 0 0.0% 9 0 0.0%
28-Jan 2 0 0.0% 2 0 0.0%
2-Feb 3 0 0.0% 3 0 0.0%
IN-SAVELE 273 0 0.0% 76 0 0.0% 349 0 0.0%

Samples from 5 November through 25 November from CarpebBteek Slough.

4 December through 15 January from Fisher Creek.

illegible tag.
WDFW survey.
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Appendix Table A-13. Summary of coho salmon escapemenplesnifrom the
Cascade sub-basin collected during spawning ground surveys
by Skagit System Cooperative crews, 1987.

Survey Number of Number of % with Tags
Date Fish Examined Tags Found )
19-Nov 71 1 1.4%
20-Nov 52 0 0.0%
3-Dec 25 0 0.0%
4-Dec 12 0 0.0%
17-Dec 30 0 0.0%
18-Dec 41 2 4.9%
21-Dec 25 0 0.0%
22-Dec 50 1 2.0%
28-Dec 78 1 1.3%
5-Jan 81 3 3.7%
6-Jan 41 0 0.0%
7-Jan 62 1 1.6%
11-Jan 6 0 0.0%
15-Jan 2 0 0.0%
19-Jan 5 0 0.0%
25-Jan 16 0 0.0%
IN-SAMPLE

TOTAL 597 9 1.5%

% Includes fish recovered with no tag but having the sgmgnmark (an
opercula punch) or having an illegible tag.
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Appendix Table A-15. Summary of the number of tag releama$ number of
in-sample tag recoveries by length for male and feroale®
salmon tagged in the lower Skagit River, 1987.

MALES FEMALES 'I
Length Number Number Percent Number Number Percen
incm Released Recovered Recovered Released Recovered Recovere(
<35 19 0 0.0% 0 0 0.0%
36 12 2 16.7% 0 0 0.0%
37 10 3 30.0% 0 0 0.0%
38 11 2 18.2% 1 0 0.0%
39 38 6 15.8% 1 0 0.0%
40 57 8 14.0% 4 1 0.0%
41 60 10 16.7% 8 1 0.0%
42 81 12 14.8% 15 3 0.0%
43 95 13 13.7% 17 3 0.0%
44 115 21 18.3% 23 2 0.0%
45 140 28 20.0% 30 5 0.0%
46 126 27 21.4% 33 4 0.0%
47 140 27 19.3% 54 17 0.0%
Subtotal 904 159 17.6%
48 142 33 23.2% 65 20 30.8%)
49 154 44 28.6% 98 24 24.5%
50 145 55 37.9% 113 30 26.5%
51 140 36 25.7% 122 36 29.5%
52 126 33 26.2% 153 32 20.9%
53 145 52 35.9% 166 37 22.3%
54 131 31 23.7% 181 44 24.3%
55 109 40 36.7% 194 43 22.2%
56 130 37 28.5% 182 44 24.2%
57 103 30 29.1% 172 33 19.2%
Subtotal 1,325 391 29.5%
58 99 24 24.2% 186 35 18.8%
59 76 14 18.4% 137 31 22.6%
1,955 445 22.8%
60 66 17 25.8% 112 21 18.8%
61 68 13 19.1% 94 15 16.0%
62 54 11 20.4% 72 4 5.6%
63 55 6 10.9% 60 7 11.7%
64 49 4 8.2% 45 7 15.6%
65 37 8 21.6% 52 7 13.5%
66 31 6 19.4% 24 2 8.3%
67 29 5 17.2% 26 4 15.4%
68 35 9 25.7% 17 0 0.0%
69 18 2 11.1% 15 2 13.3%
70 25 5 20.0% 11 1 9.1%
71 15 1 6.7% 4 0 0.0%
72 6 2 33.3% 6 0 0.0%
73 9 2 22.2% 3 1 33.3%)
74 6 0 0.0% 0 0 0.0%
75 5 0 0.0% 2 0 0.0%
76 5 1 20.0% 0 0 0.0%
77 4 0 0.0% 1 0 0.0%
78 1 0 0.0% 0 0 0.0%
79 4 0 0.0% 0 0 0.0%
Subtotal 697 130 18.7% 544 71 13.1%
TOTAL 2,92¢ 68C 23.2% 2,49¢ 51€ 20.6%
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Appendix Table A-16. Daily summary of the numbers of cshtmon tagged in the lower
Skagit River and recovered during in-sample surveys, byreteqse

condition, and maturity classification, 1987.

SEX CONDITION MATURITY
Male Female X b3 X+ Bright Blush Dark

Date Rel. Rec. Rel. Rec|{ Rel. Rec Rel. Rec. Rel. Rec Rel. Rec. Rel. Rec. Rel. Rec
3-Seq 1 0 2 0 1 0 2 0 0 0 3 0 0 0 0 0
4-Sef 0 0 1 0 0 0 0 0 1 0 1 0 0 0 0 0
8-Se 15 1 7 0 1 0 20 1 1 0 22 1 0 0 0 0
10-Se 53 6 29 3 5 2 71 7 6 0 82 9 0 0 0 0
11-Se 44 5 15 0 7 0 51 5 1 0 59 5 0 0 0 0
14-Se 14 2 10 1 3 0 19 3 2 0 24 3 0 0 0 0
15-Se 54 11 31 3 3 0 79 14 3 0 85 14 0 0 0 0
17-Se 112 17 68 10 17 2 159 24 4 1 180 27 0 0 0 0
18-Se 103 17 46 6| 15 2 134 21 0 0 149 23 0 0 0 0
21-Se 83 11 39 4] 18 1 104 14 0 0 122 15 0 0 0 0
22-Se 123 22 48 8| 15 3 156 27 0 0 171 30 0 0 0 0
25-Se 167 39 88 21 12 2 243 58 0 0 254 60 1 0 0 0
29-Se 80 14 59 16 3 0 136 30 0 0 137 30 2 0 0 0
1-Oct] 131 41 79 13 6 2 204 52 0 0 207 54 3 0 0 0
2-Oct] 128 34 92 18 11 7 209 45 0 0 210 51 10 1 0 0
5-Oct 161 42 117 23 11 2 267 63 0 0 270 64 8 1 0 0
6-Oct] 66 12 53 10 6 0 113 22 0 0 110 22 9 0 0 0
8-Oct 89 28 73 15 7 2 155 41 0 0 139 36 23 7 0 0
9-Oct] 272 71 301 64 10 2 563 133 0 0 549 126 22 8 2 1
12-Oct 87 22 78 12 6 2 159 32 0 0 140 26 23 8 2 0
16-Oct 77 19 78 19 2 0 153 38 0 0 129 33 25 4 1 1
19-Oct 71 22 79 16 6 0 144 38 0 0 99 22 51 16 0 0
20-Oct 52 12 69 17| 0 0 121 29 0 0 93 22 28 7 0 0
23-Oct 97 32 108 34 4 1 201 65 0 0 161 54 42 10 2 2
26-Oct 33 10 24 6 3 1 54 15 0 0 27 7 27 8 3 1
27-Oct 9 3 14 0 0 23 8 0 0 12 4 9 4 2 0
29-Oct 15 5 24 7 1 0 38 12 0 0 24 7 13 5 2 0
30-Oct] 54 14 34 1 1 87 21 0 0 37 14 51 8 0 0
2-NoV] 254 80 317 61 9 3 562 138 0 0 106 22 434 113 31 6
3-NoV] 82 26 111 28 1 0 192 54 0 0 101 30 82 22 10 2
4-NoV] 48 9 36 1 0 83 17 0 0 12 2 41 9 31 6
6-NoV] 32 28 6 0 0 60 6 0 0 13 2 34 13 1
10-No 82 13 84 18 2 0 164 31 0 0 37 6 108 21 21 4
12-No 115 20 117 27 3 0 229 47 0 0 76 15 122 28 34 4
13-No 111 20 132 29 3 0 240 49 0 0 53 12 162 32 28 5
18-No 5 0 3 0 0 0 8 0 0 0 1 0 3 0 4 0
19-No 2 0 0 0 0 0 2 0 0 0 0 0 0 0 2 0
20-No 4 0 5 0 0 0 9 0 0 0 1 0 7 0 1 0
Total 2,926 680 2,499 516 193 35 5,2141,160 18 1| 3,896 848 1,340 315 189 33|
% Recovered 23.2 20.6 18.1 22.2 5.6 21.8 235 17.5
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Appendix Table A-17. Summary of the estimated number of frags areas downstream of
the tagging area in the lower Skagit River, 1987.

A. Downstream commercial fishery and test fishetgloas.

Catch Catch  Number  Number Estimated
Before After of Fish of Tags  Total Tags
Area Tagging Tagging Examined Found Present
8E 0 0 0
8 201 1,064 0
78C 2,085 4,244 0
Test Fishery 0 1,366 1,360 3
Total 2,286 6,674 1,360 3 14.7

& Catches prior to tagging not included in tag recovery esipas.

® Test fisheries at Area 2, Blakes, Bay, and Jetty.

B. Out-of-system recoveries.
Number of Estimated
Tags Total Tags
Location Found Present Comments

Area 8A or 10
commercial fishery 1 1.0 Voluntary recovery.

One tag observed in 1,820 fish sampled from a

Lummi Sea Ponds 1 2:2 total rack return of 4,001 adult coho salmon.
Similk Bay
commercial fishery 1 1.0 Voluntary recovery.
Oak Harbor 1 1.0 Voluntary recovery.
sport fishery
Total 4 5.2

C. Downstream spawning areas (redd data from Conrad[@088]).

Estimated Estimated Estimated Number Number Estimjted
Number  Number of Total of Fish of Tags Total Tajgs
Area of Redds Fish/Redd Escapement Examined Found Pregent
Carpenter 874 15 1,311 349
Nookachamps 2,226 1.5 3,339 1,159
Total 3,100 1.5 4,650 1,508 8 24.7
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APPENDIX B

Details of abundance estimates generated for 1987.
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APPENDIX B

RECOVERY LOCATION: Marblemount Hatchery
ESTIMATION METHOD: Petersen
95% CONFIDENCE INTERVAL: Normal Approximation
TAG RELEASE AND RECOVERY SUMMARY:

Number of Tags Released = 5,425

Number of Fish Examined for Tags = 29,277
Number of Tagged or Marked Fish Recovered = 962

RECOVERY LOCATION: Baker River Trap
ESTIMATION METHOD: Petersen
95% CONFIDENCE INTERVAL: Normal Approximation
TAG RELEASE AND RECOVERY SUMMARY:

Number of Tags Released = 5,425

Number of Fish Examined for Tags = 4,076
Number of Tagged or Marked Fish Recovered = 111

RECOVERY LOCATION: Marblemount-Baker Pooled
ESTIMATION METHOD: Petersen
95% CONFIDENCE INTERVAL: Normal Approximation
TAG RELEASE AND RECOVERY SUMMARY:

Number of Tags Released = 5,425

Number of Fish Examined for Tags = 33,353
Number of Tagged or Marked Fish Recovered = 1,073
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APPENDIX B

RECOVERY LOCATION: Middle Skagit Sub-basin
ESTIMATION METHOD: Petersen
95% CONFIDENCE INTERVAL: Normal Approximation
TAG RELEASE AND RECOVERY SUMMARY:

Number of Tags Released = 5,425

Number of Fish Examined for Tags = 1,497
Number of Tagged or Marked Fish Recovered =51

RECOVERY LOCATION: Suiattle Sub-basin
ESTIMATION METHOD: Petersen
95% CONFIDENCE INTERVAL: Poisson Approximation
TAG RELEASE AND RECOVERY SUMMARY:

Number of Tags Released = 5,425

Number of Fish Examined for Tags = 1,051
Number of Tagged or Marked Fish Recovered = 38

RECOVERY LOCATION: Upper Sauk Sub-basin
ESTIMATION METHOD: Petersen
95% CONFIDENCE INTERVAL: Poisson Approximation
TAG RELEASE AND RECOVERY SUMMARY:

Number of Tags Released = 5,425

Number of Fish Examined for Tags = 522
Number of Tagged or Marked Fish Recovered = 18
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APPENDIX B

RECOVERY LOCATION: Middle Skagit-Upper Sauk-Suiattle Pooled
ESTIMATION METHOD: Petersen
95% CONFIDENCE INTERVAL: Normal Approximation
TAG RELEASE AND RECOVERY SUMMARY:
Number of Tags Released = 5,425

Number of Fish Examined for Tags = 3,070
Number of Tagged or Marked Fish Recovered = 107

RECOVERY LOCATION: Commercial Fishery
ESTIMATION METHOD: Petersen
95% CONFIDENCE INTERVAL: Poisson Approximation
TAG RELEASE AND RECOVERY SUMMARY:

Number of Tags Released = 5,425

Number of Fish Examined for Tags = 754
Number of Tagged or Marked Fish Recovered = 24

RECOVERY LOCATION: Cascade Sub-basin
ESTIMATION METHOD: Petersen
95% CONFIDENCE INTERVAL: Poisson Approximation
TAG RELEASE AND RECOVERY SUMMARY:

Number of Tags Released = 5,425

Number of Fish Examined for Tags = 597
Number of Tagged or Marked Fish Recovered =9
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APPENDIX B

RECOVERY LOCATION: Marblemount-Baker-Middle Skagit-UpperuR-Suiattle-
Commercial Fishery Pooled

ESTIMATION METHOD: Petersen
95% CONFIDENCE INTERVAL: Normal Approximation
TAG RELEASE AND RECOVERY SUMMARY:

Number of Tags Released = 5,425

Number of Fish Examined for Tags = 37,177
Number of Tagged or Marked Fish Recovered = 1,204
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